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PREFACE. 



nnmS book is intended for those who are beginning the subject. 
For this reason, special care has been taken to select for 
treatment such compounds as best serve to make clear the 
fundamental principles. General relations as illustrated by special 
cases are discussed rather more fully than is customary in books 
of the same size; and, on the other hand, the number of com- 
pounds taken up is smaller than usual. The author has endeav- 
ored to avoid dogmatism, and to lead the student, through a 
careful study of the facts, to see for himself the reaspns for 
adopting the prevalent views in regard to the structure of the 
compounds of carbon. Whenever a new formula is presented, 
the reasons for using it are given so that it may afterward be 
used intelligently. It is believed that the book is adapted to 
the needs of all students of chemistry, whether they intend 
to follow the pure science, or to deal with it in its applica- 
tions to the arts, medicine, etc. It is d^cult to see how, 
without some such general introductory study, the technical 
chemist and the student of medicine can comprehend what is 
usually put before them under the heads of "Applied Organic 
Chemistry" and "Medical Chemistry." 

Without some direct contact with the compounds considered, 
it is impossible to get a clear idea regarding them and their 
changes. A course of properly selected experiments, illustrating 
the methods used in preparing the principal classes of com- 
pounds, and the fundamental reactions involved in their trans- 
formations, wonderfully facilitates the study. Tha «A,tfc\xv^l \v&& 
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been made to give directions for such a course. More than 
eighty experiments which could be performed in any chemical 
laboratory are described; and it is hoped that the plan may 
meet with approvaL The time required to perform a fair pro- 
portion of these experiments is not great; and the results in the 
direction of enlarging the student's knowledge of chemical phe- 
nomena, will, it is firmly believed, fm-nish a full compensation 
for the time spent. 

The order in which the topics are taken up will be found to 
differ somewhat from that commonly adopted. The object in view 
was, however, not to find a new method, but to find one which 
would bring out as clearly as possible the beauty and simplicity 
of the relations which exist between the different classes of car- 
bon compounds. The reasons for the method used are given iu 
the body of the book. 



The experience of the past few years in the use of this book as 
a laboratory-guide for students has revealed a number of imper- 
fections in the descriptions of experiments. The author has now 
gone carefully over the whole book, and has made such corrections 
and additions as seemed desirable. By following the new directions 
conscientiously the student will, it is believed, find no serious diffi- 
culty in getting satftfactory results. The text proper, as well as 
the directions for work, has been thoroughly revised. 
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OHEMISTBT 



ooMPOtnsros of carbon. 



INTRODUCTION. 

■Jn studying the compoimtls <if cavhori, wo caiinof, fail to 
T struck by tlieir l;u^e number, and hy the ease with which 
By undergo change when subjected to various influencee. 
^tnly on account of the lai^e iiumlMi', though partly on 
wont of peculiarities in their chemical conduct, it ia custom- 
T to cousider these compounds by themselves. At flrat, 
Clieviiatry was divided inlo Inorganic and Organio J 
m-istry, as it was laelieved Chat tliere were fundameatal I 
HTereneeB between the compounds included under tlie two 
Those compounds which form the mineral portion 
^e earth were treated under the first head, while those which , 
a found ready formed in the oi^aua of plants or animals 
i the subject of organic cliemistry. It was beheved that, , 
as the organic compounds are eialwrated under the influence of I 
the life process, tiiere must be something about them which [ 
dieljnguiehes them from tlie inorganic compounds iu whose for- 
mation the life process lias no part- Gradually, however, this 
idea has been abandoned; for, one by oue, the compounds 
which are found in plants and animals have been made in the 
chemical laboratory, and without the aid of the life process, ' 
The first instance of the preparation of an organic compound 
by an artificial method was that of urea. This substance 
was obtained by WOliler in 1828 from ammonium cyanate. 
When a water solution of the latter is allowed to evaporate, urea 
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is deposited. Up to the time of Wohler's discovery, the 
formation of urea, like that of other organic compounds, was 
thought to be intimately and necessarily connected with life ; 
but it was thus shown that it could be formed without the inter- 
vention of life. Afterward, it was shown that potassium 
cyanide can be made by passing nitrogen over a heated mixture 
of carbon and potassium carbonate ; and, as potassimn cyanate 
can be made from the cyanide by oxidation, it follows that 
urea can be made from the elements. Finally, in 1856, Berthe- 
lot succeeded in making potassium formate by passing carbon 
monoxide o7er heated potassium hydroxide ; and in making 
acetylene, a compound, the composition of which is represented 
by the formula C2H2, by passing electric sparks between elec- 
trodes of carbon in an atmosphere of hydrogen. Since that 
time, every year has witnessed the artificial preparation, by 
purely chemical means, of compounds of carbon which are found 
in the organs of plants and animals. 

It hence appears that the formation of the compounds of 
carbon is not dependent upon the life process ; that they are 
simply chemical compounds governed by the same laws that 
govern other chemical compounds ; and the name, Organic 
Chemistry, signifying, as it does, that the compounds included 
under it are necessarily related to organisms, is misleading. 
Organic chemistry is nothing but the Chemistry of the Com- 
pounds of Carbon. It is not a science independent of inorganic 
chemistry, but is just as much a part of chemistry as the chem- 
istry of the compounds of sodium, or of the compounds of 
silicon, etc. 

The name Chemistry of the Compounds of Carbon has been 
objected to as being too broad. Strictly speaking, this title 
includes the carbonates, and it is customary to treat of these 
widely distributed substances under the head of Inorganic 
Chemistry. Most books on Inorganic Chemistry also deal with 
some of the simpler compounds of carbon, such as the oxides, 
cyanogen, marsh gas, etc. 
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This objection U of weight only aa far as the carbonates 
are concerned, and it docs not appear strong enough to make 
the introduction of a new name necessary. It should be men- 
tioned, however, that the name Cheiiiistry of the Hyckocarbons 
and their Derivati'oes has recently been suggested. The exact 
significance of this name wiU appear when ttie eompouoda with 
which we.Bhall hare to deal come up for consideration. 



Sources of compounds. ^ The compounds of carbon s 
for the most part, made iu the laboratory ; but in preparing 
theiu wc usually start with a few fundamental compouods 
which are formed by natural processes. A large number, such 
as the sugars, starch, cellulose, and the alkaloids, of which 
morphine, quinine, and nicotine are examples, occur ready 
formed in plants, but always mixed with other substances. 
Others, such as urea, uric acid, albumin, etc., occur iu animal 
organisms. Petroleum, which has been formed iu nature by 
processes intimately connected with those which give rise to the | 
formation of coal, contains a large number of compounds con- 
BJsting of onlj' carbon and hydrogen ; and these compouuds 
serve as the starting-points in the preparatiou of a large number | 
of derivatives. When coal is heated for the purpose of ma 
facturiiig illuminating gas. a very complex mixture of liquid 
and solid products is obtained as a by-product, known as coal 
tar. This substance yields some of the moat valued oouipouuds 
of carbon. A larger number of the compounds of carbon are 
obtained from this than from any other one source. When 
bones are heated in the manufacture of bone-black, an oil 
known as bone oil is obtained. Of late, this has proved to 
be the source of a large number of interesting compounds. 
In the preparation of charcoal by heating wood, the liquid pro- 
ducts are sometimes condensed, and they form the source of 
several important compounds, among which may be mentioned 
wood spirits or methyl tUcokol, acetone, and pyrotigiieoiis or 
acetic acid. 
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Finally, we are dependent upon the process known as fer- 
mentation for a number of tlie most important compounds of 
carbon. Fermentation, as will be shown, is a general term, 
signifying any process in which a change in the composition of 
a body is effected by means of minute animal or vegetable 
organisms. The best known example of fermentation is that 
of sugar, which gives rise to the formation of ordinary alcohol. 
Alcohol in turn serves as the starting-point for the preparation 
of a large number of compounds. 

Purification of the compounds. — Before the natural 
compounds of carbon can be studied chemically, they must, of 
course, be freed from foreign substances ; and before the con- 
stituents of the complex mixtures, petroleum, coal tar, and bone 
oil can be studied, they must be separated fl.nd purified. The 
processes of separation and purification are, in many eases, 
extremely difficult. If the substance is a solid, different 
methods may be used according to the nature of the substance. 
CnjHtaMization is more frequently made use of than any other 
process. This is well illustrated, on the large scale, in the 
refining of sugar, which consists, essentially, in dissolving the 
sugar in water, filtering through bone-black, which absorbs 
coloring matter, and then evaporating down to cr3'stallization. 
When two or more substances are found together, they may, in 
many cases, be separated b}' what is called yrcw^towol crystaUiza" 
Hon, This consists in evaporating the solution until, on cool' 
ing, a comparatively small part of the substance is deposited. 
This deposit is filtered off, and the solution further evaporated ; 
>7hen a second deposit is obtained, and so on to the end. The 
successive deposits thus obtained are then recrystallized, each 
separately, until, finally, the deposits are found to be homo- 
geneous. 

The chief solvents used are water, alcohol, ether, benzine, 
and bisulphide of carbon; alcohol being the most geuersjl^ 
applicable. 



!ATION OF THE COMPUUNDS. 



In the case of liquids, the process of distillation 1 
Xbe apparatus couuDouly used is illustrated in Fig. 1. 




The only pait of tht, apparatus which requires efplanii 



tion 18 the tube 

It IS simpl) a etriight gla'.s 

tube, ibout 16™ loDg and 12 to 

L diameter, to whi(,h la 

fcached a Bmallfir Viraueh somo- 

lat inclined downward. The 

Bject of the tube is to accom- 

idate.a thermometer B, whidh 

fixed by meana of a cork, 

Ut it ia in the centre of the 

fger tnbe, and its bulb directly 

leite the opening of the 

tiler branch. 

I' For Bmallquiiutitiesof liquids, 

a distilling flask ia much used. 



knuwn as tht distiUiiiq Mte 




This is a long-ncckcd, round 
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flask, with a branch tube fitted directly into the neck, as shown 
in Fig. 2. In this apparatus, the thermometer is fitted into 
the neck of the flask in the same relation to the exit tube as in 
the larger apparatus. 

For the separation of liquids of different boiling-points, the 
process oi fractional or partial distillation is much used. When 
a mixture of two or more liquids of different boiling-points is 
boiled, it will be noticed that the boiling-point gradually rises 
from that of the lowest boiling substance to that of the highest, 
Thus, ordinary alcohol boils at 78°, and water at 100°. If the 
two be mixed, and the mixture distilled, it will be found that it 
begins to boil at 78°, but that very little passes over at this 
temperature. Gradually, as the distillation proceeds, the tem- 
perature indicated by the thermometer becomes higher and 
higher, until at last 100° is reached, when all distils over. Now 
the distillates obtained at the different temperatures differ from 
each other in composition. Those obtained at the lower tem- 
peratures are richer in alcohol than those obtained at the higher 
temperatures, but none of them contains pure alcohol or pure 
water. In order to separate the two, therefore, we must pro- 
ceed as follows : A number of clean, dry flasks are prepared for 
collecting the distillates. The boiling is begun, and the point 
at which the first drops of the distillate appear in the receiver is 
noted. That which passes over while the mercury rises through 
a certain number of degrees (3, 5, or 10, according to the char- 
acter of the mixture) is collected in the first flask. The receiver 
is then changed, without interruption of the boiling, and that 
which passes over while the mercury rises through another 
interval equal to the first is collected in the second flask. The 
receiver is again changed, and a third distillate collected ; and 
so on, until the liquid has all been distilled over. It has thus 
been separated into a number of fractions, each of which has 
passed over at different temperatures. In the case of alcohol 
and water, for example, we might have collected distillates from 
^78° to 83°, from 83° to 88°, from 88° to 93°, from 93° to 98°, 



S° to 100°. Now a clean diBtiiling flask is taken, and 
introduced the first fraction. This is distilled until the 
tlierraoraoter marks the upper limit of the original first fraction, 
the new distillate being collected in the flask wliich contained the 
^^bst friictioii. When this upper limit is reached, the boiling is 
^^Bpped. It will be found that there is some of the Uquid left 
^^Bthc distilling flask. That is to say, assuming that in the first 
JH^Bmiation the first fraction was collected between 78° and 83°, 
* on boiling this fraction the second time it will not all come over 
between these points ; when 83° is reached some will be left ia 
the flask. The second fraction is now poured into the distilling 
flask through a funnel tube, and the Imiling is again started. 
Of the second fraction, a portion will paas over below the point 
at which it began to boil when first distilled. Collect in the 
proper flask, and continue the boiling until the thermometer 
marks the highest point of the fraction last introduced, changing 
the receiver whenever the indications of the thermometer require 
it. Now stop the boiling, and pour in fraction No. 3, and so 
on until all the fractions have been subjected to a second distil- 
lation. On examining the new fractions, It will be found that 
the liquid tends to accumulate in the neighborliood of certain 
points corresponding to the boiling-points of the constituents of 
I 'the mixture. The distilling flask is now cleaned, and the whole 
iiess repeated. A further separation is tiius effected. By 
inuing the distillation in this way, pure substances can, in 
', cases, eventually be obtained. That tlie fractions are 
) can be known by the fact tliat the boiling-points remain 
^tant. In some cases perfect separation cannot bo effected 
) of fractional distillation ; ae, for example, in the 
I of alcohol and water. But still it is valuable, even in 
BE, as it enables us to purify the substances, at least 
Illy. 
The best examples of distillation carried on on the large scale 
are those of alcohol and petroleum. Probably tlie best example 
y oi fractional distillation is that of the light u\l o\)Va.\fi<e4 l\cii^ 
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Bxperiment 1. Mix equal parts (about half a litre of each) of alco- 
hol and water. Distil through four or five times, and notice the 
changes in the quantities obtained in the different fractions. 

Determination of the boilingr-point In dealing with 

liquids, it often is extremely difficult to tell whether they are 
pure or not. The first and most important physical property 
which is utilized for this purpose is the boiling temperature, 
commonly called the boiling -point. This is determined by 
means of an apparatus, such as is described above as used for 
distilling. The temperature noted on the thermometer when 
the liquid is boiling is the boiling-point. When great accuracy 
is required, the point observed directly must be corrected, in 
consequence of the expansion of the glass and the cooling of 
that part of the column of mercury which is not in the vapor. 
Full directions for making these corrections can be found in 
larger books. A constant boiling-point is characteristic of a 
pure chemical compound. 

Determination of the meltingr-point. — Just as the boil- 
ing-point is a very characteristic property of liquid bodies, so 
the melting-point is an equally characteristic property of many 
« solid bodies. If a substance begins to melt at a certain tem- 
perature, and does not melt completely at that temperature, it 
is, in all probability, impure. By means of the melting-point 
minute quantities of impurities, which might readily escape 
detection by other means, are often found. In dealing with the 
compounds of carbon, determinations of melting-points are very 
frequently made. In general, only those compounds which have 
constant melting-points are to be regarded as pure. The deter- 
mination is made as follows : Small tubes are prepared by 
heating a piece of ordinary soft glass tubing of 4"""* to 5"^ 
diameter, and drawing it out. If the parts are drawn apart 
about 12"° to 15"", two small tubes mav be made from the 
narrowed portion by melting together in the middle, and then 
filing off each piece where it begins to grow wider near the 
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large tube. These small tubes must have tbiii walls, and bitj 
FOf BQch ioterDal diameter that an ordinary pin can be intro-.l 
iduced into tliem. A small quantity ot the substance to be] 
tested ia placed in one of tbe tubes, enougli to make a, minuts] 
solunin of atiutit fl""" in height, Tlie tube containing thu^ 
pubstance ia fn.steued to a thermometer by means of £ 
nibber band (jut from a piece of rnbbei' tubing. The band i 
mlaced near the upper part of tbe tube, and the lower part otm 
i tube, containing the substance, is placed against the bnlbT" 
tlie thermoriicter. Now a beaker glass of about lOO^I 
Ecapacity is flUed with pure paratlln, and the latter melted..! 
11 it ia in liquid i^ouditii 
md substance, is introduci'd 
Into it, and the heating t'ou- 
tiuued with tlie aid of a 
Binall flame until the sub- 
, stance melts. The instant it 
■melts the temperature indi- 
lated by the thermometer 
B noted. This is the meU' 
tfnff-point required. It is 
ary, however, to cor- 
tect the observed point in 

i the boiluig-point. S'uzil'- 
instead of pamHin. 
soncentrated sulphuric acid 
8 used ia the bath ; but. for 
^bvioua reasous, the paraf- 
i ia to be preferred. For 
BUbEtanceswliiuh melt below 
80°, the temperature at which 
^irater should be used. 

E^p«i4)i»int 2. Determine tlie melting-points of a tew siihstancca, 

^eh na urea and tartaric ncld. IF they do uot mult at de&nlte quints, 

^^hcy _do, , Note the miiVttns-^ointe, a 
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and see how well they agree with those stated in the book. The 
arrangement of the apparatus above described is shown in Fig. 3. To 
secure a uniform temperature of the bath, it should be gently stirred 
with a glass rod during the experiment. The mercury of the ther- 
mometer should rise slowly. 

Analysis. — Having purified the compounds, the next step 
Is to determine their composition. A comparatively small num- 
ber of the compounds ordinarily met with consist of carbon and 
hydrogen only ; the largest number consist of these two elements 
together with oxygen ; many contain carbon, hydrogen, oxygen, 
and nitrogen. But, in the derivatives of the fundamental com- 
pounds, all other elements may occur. Thus the hydrogen may 
be partly or wholly replaced by chlorine, bromine, or iodine, as 
in the so-called substitution-products ; and any metal may occur 
in the salts of the acids of carbon. The estimation of carbon 
and hydrogen is the principal problem in the analysis of the 
compounds of carbon. This is effected by what is known as 
the combustion process. A known weight of the substance is 
completely oxidized, the carbon being thus converted into car- 
bon dioxide, and the hydrogen into water. These two products 
are collected, the carbon dioxide in a solution of potassium 
hydroxide, the water in calcium chloride, and weighed. From 
the weights of the products the weights of carbon and hydrogen 
are calculated. Oxygen, if present, is not estimated directly, 
but by difference, i.e., the weights of carbon and hydrogen found 
are added together, and the sum subtracted from the weight of 
the original substance. The difference represents the weight 
of the oxygen. 

A detailed description of the apparatus and of the method of 
procedure need not be given here, as it can be found in any 
book on analytical chemistry. A brief description, however, 
ma}^ not be out of place. The combustion is effected in a hard 
glass tube which is heated by means of a gas furnace con- 
structed for the purpose. Ordinarily, the substance is placed 
in a narrow porcelain or platinum vessel, called a hoat^ which is 
introduced into the tube with granulated copper oxide. The 
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tnbe is tben coiineoted with (1) a U-tube Med with calciti] 
i^loride ; (2) a set of buibs containing a solution of 

ixide, and constractfid so as to secure thorough contact ot'^ 

the paBsing gases witli the solution; and (3) a small U-tube 

[^ed with solid potassium hydroxide. After the combustion is 

impleted, a current of pure dry oxygen is passed through the 

; and, finally, air is pasaed until the oxygen is displaced. 

method at present used was introduced by Liebig. 

contributed very greatly to a thorough understanding of, 

xtmpounds of carbon. 

Two methods are in common nae for the eatimation of nitrogi 

carbon eom|>ounds. The first is known aa the absolute methoS? 

consists in oxidizing the substance by means of copper 

; then decomposing, by means of highly-heated metallic 

copper, any oxides of nitrc^en which may have been formed, 

and collecting the nitrogen. The volume of the nitrogen thus 

obtained b measured, and Ha weight easily calculated. The 

chief diffluulty in this method consists in removing the gases'- 

contained in the apparatus before the combustion is made. 

do this, the simplest way is to use a mercory air-pump. Sevei 

limple forms of the pump have been devised for this purpose^' 

some of them work admirably. Having exhausted all 

the combustion is made by heating the tube containing 

lubstance and copper oxide and a layer of copper foil ; and, 

finally, the gases are exhausted at the cud of the operation, 

The only three gases which can be present, assuming that the 

lab&tance contained nothing but carbon, hydrogen, oxygen, and 

itrogen, are carbon dioxide, water vapor, and free nitrogen. 

le water vapor is, of course, condensed, and the carbon dioxide 

absorbed by passing the gases through a solution of potassium 

Iroxide, leaving the nitrogen thus alone. 

The second method for the eatimation of nitrogen consists in 

iting the substance with a mixture of sodium hydroxide and 

licklime, called soda-liine. The nitrogen is thus converted 

tunmonia, which is collected in a known quantity of dilute 
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12 INTRODUCTIOK. 

hydrochloric or sulphuric acid. After the operation, the amount 
of acid remaining unneutralized is determined by titration ; and 
from this the amount of ammonia formed can be calculated ; 
and from this, in turn, the amount of nitrogen. This method 
is not applicable to all compounds, because the nitrogen of some 
cpmpoundii is not converted into ammonia under the circum- 
stances mentioned. 

As regards the estimation of other constituents of carbon 
compounds, it need only be said that in most cases it is neces- 
sary to get rid of the carbon and hydrogen by some oxidizing 
process before the estimation can be made. Thus, in estimating 
sulphur, it is common to fuse the substance with potassium 
nitrate and hydroxide, when the carbon and hydrogen are 
oxidized, and the sulphur is left in the form of potassium sul- 
phate, and can be estimated in the usual way. 

Formula. — The deduction of the formula of a compound 
from the results of the analysis involves two steps. The first 
is a matter of simple calculation. It is assumed that the 
students who use this book are already familiar with the method 
of calculating the formula from the analytical results ; but an 
example will, nevertheless, be given. Suppose that the analysis 
has shown that the substance contains 52.18 per cent carbon, 
13.04 per cent hydrogen, and 34.78 per cent oxygen. To get 
the atomic proportions, divide the figures representing the per- 
centages of the elements by the corresponding atomic weights. 
We have thus : — 





Per 
Centage. 


At Wt Relative 
At. wt. No.ofAtomB. 


c 


52.18 


-- 12 = 4.35 2 


H 


13.04 


-5- 1 = 13.04 - 6 





34.78 


-f- 16 = 2.17 - 1 



That is to say, accepting the atomic weights, 12 for carbon and 
16 for oxygen, the simplest figures representing the number of 
atoms of the three elements in the compound are 2 for carbon. 




6 for hydrogen, and 1 for oxygen. According to this, the 
simpleat formula which can be assigned to a substance giving- 
tlie above results oa analysis is C^HgO. But tbe formula 
OjHi-O- is equally in accordance witb the analytical results, and 
we can only decide between the two by determining the molecular 
u'eiglU. This, as is known, is done by determining the specific 
gravity of the substance in the form of vapor. This operation 
is of the greatest importance. It is assumed that the student, 
who has already studied the elements of inorganic chemistry, 
familiar with it, and with the exact connection, which exists 
between it and the molecular weights of compounds. A feir 
statements in regard to the connection will, liowever, he made 
here, in order to recall its chief points, and to impress upon tha 
mind of the student its fundamental importance. 

Every chemical formula is intended to represent the molecule 
of a compound and the composition of the molecule. Our 
conception of the molecule is based almost exclusively 
I Avogadro's hypothesis, according to which equal volumes of all- 
3 contain the same number of molecules. Hence, by com- 
g equal volumes of Imdiea in tlie form of gas or vapor, we 
s which bear to each otiier the same relations 
IreightB of the molecules. The figures called the ^>ecific gmvi- 
pe« expi'ess the relations between the weights of equal volumes.. 
I of gases, air is taken as the standai'd, and th^ 
Ireights of other gases are compared with this standard. Thus, it' 
■e say that the specific gravity of a gas is 0.918, we mean that 
t we call the weight of any volume of air 1 , that of thi 
[blirnie of the other gas measured under the name conditions of 

mperature and pressure is 0.918. If we assign to any 
Kiund a certaiu molecular weight, the molecular weights of other 
gaseous compounds can be determined without diffleulty. We. 
must, therefore, first select some substance, the molecule of 
phioL may be used as the standard. Hydrochloric acid is 
moaly taken, because hydr(ffi;en and chlorine unite with 
hotiier in only one proportion, and there is good evidence. 
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in favor of the view that it represents the simplest kind of 

combination, viz., that of one atom of one element with one of 

another. Hydrogen and chlorine are present in the compound 

in the proportion of 1 part of hydrogen to 35.4 parts of chlorine ; 

hence the simplest molecular weight which can be assigned to 

the compound, the atomic weight of hydrogen being 1, is 36.4. 

The molecular weight of this standard molecule is, therefore, 

taken to be 36.4, and we have now simply to compare the 

weights of other gases with that of hydrochloric acid in ordei 

to know their molecular weights. Thus, to illustrate by means 

of the body whose atomic relations we found by analysis to be 

represented by the formulas C2H6O, C4H12O2, etc., if this body 

be converted into vapor and its specific gravity determined, it 

might be found to be 1.6. The relation between the molecular 

weight of any body and its specific gravity is expressed by the 

equation 

J»f = d X 28.88, 

in which M is the molecular weight, and d the specific gravity 
of the substance in the form of gas or vapor. As d is 1.6 in 
the case under consideration, we have 

Jf (the unknown molecular weight) = 1.6 X 28.88 = 46.2. 

If the formula of the compound is C2H6O, the molecular weight, 
being the sum of the weights of the constituent atoms, is 

2 X 12 + 6 X 1 + 16 = 46, 

which agrees with the figure deduced from the specific gravity. 
It therefore follows that the formula C^^qO is correct. 

There are some other methods which may be used in deter- 
mining the molecular weight of a compound. Among these 
may be mentioned the analysis of salts. To illustrate this, 
take the case of acetic acid. Analysis shows us that it must be 
represented by one of the formulas CH2O, C2H4O2, C3H6O2, etc. 
If we make the silver salt, we find that its analysis leads us to 
the formula C2ll302Ag, and not CHOAg, and we hence conclude 
thnt the molecular formula of acetic acid is C2H4O2. 



STRUCTURAL FORMULA. 



The methods for determiniog the apeeiflc gravity of ya[Kn'a 
nre saamned to have been described in the course io inoi^anio 
chemistry, wbicli the student should have followed before begin- 
ning the study of the compounds of carbon. 

Stnictniral formula. — Tlie formulas C^HgO, CjHjOj, CjHs. i 
etc., tell us simply the composition of the three compounds reprc- i 
sentfid, and tell us also the relative weights of their moleculea 
Id studying the chemical conduct of these bodies, their decom- 
position, and tiie modes of preparing them, we become familiar J 
with many facts which it is desirable to repreBent by means of ' 
the formulas. Thus, for example, but one of the four parts of 
hydrogen represented in the formula of acetic acid, C,H,Oj, can 
be replaced hy metals. It plainly differs from the three remain- 
ing parts, and it is uatm'al to conclude that it is held in the 
molecule in some way differently from the other three. We may, 
therefore, write the formula CjHjOg.H, which is intended to call 
attention to the difference. By further study of acetic acid, we 
find that that particular hydrogen, which gives to it its acid < 
properties, aud which, in the above formula, is written by itself, | 
is intimately associated witli oxygen. It can be removed with 
osygeii by very simple reactions, and the place of both taken 
by one atom of some other element : as, for example, chlorine. 
Thus, when acetic acid is treated witli phosphorus trichloride, 
PCIg, it is converted into acetyl chloride, C^HjOCl, according to 
this equation : — 

3 ailiOa + PClj = 3 CjHaOCl + POaHj. 
The result of the action is the direct replacement of one atom 
of hydrogen and one atom of oxygen in acetic acid by one atom 
„a l chlorine, a fact which certainly points to an intimate eonuec- 
Hjpil between the hydrogen and oxygen in the acid. Further, 
^fcra acetyl chloride is brought iu coutact with water, acetic i 
^^nf is regenerated, hydrogen and oxygen from the water enter- 
^■fcinto the place occupied by the chlorine, as represented in 
^^^sQUation : ^ 
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From facts of this kind the conclusion is drawn that in acetic 
acid hydrogen and oxygen are connected; or, as it is said, linked 
together ; and this conclusion is represented in chemical lan- 
guage bv the formula C2H3O.OH, which mav serve as a simple 
illustration of what are called structural or constitutional fot- 
mulas. In all compounds the attempt is made, by means of a 
thorough study of their chemical conduct, to trace out the 
connections existing between the constituent atoms. When 
this can be done for all the atoms contained in a molecule, the 
structure or constitution of the molecule or of the compound is 
said to be determined. The structural formulas which have 
been determined by proper methods have proved of much value 
in dealing with chemical reactions, as they enable the chemist 
who understands the language in which they are written to see 
relations which might easily escape his attention without their 
aid. In order to understand them, however, the student must 
have a knowledge of the reactions upon which the}' are based ; 
and he is warned not to accept an}' chemical formula unless he 
can see the reasons for accepting it. He should accustom him- 
self to ask the question, upon what facts is it based? whenever 
a formula is presented for the first time. If he does this con- 
scientiously he will soon be able to use the language intelli- 
gently, and the beauty of the relations which exist between the 
large number of compounds of carbon will be revealed to him. 
If he does not, his mind will soon be in a hopeless muddle, 
and what he learns will be of little value to him. For the 
beginner, this piece of advice is of vital importance : Study 
with great care the rea>ctions of compounds ; study the methods oj 
making them, and the decompositions which they undergo. The 
formulas are but the condensed expressions of the conclusions 
which are drawn from the reactions. 

General principle of classification of the compounds 
of carbon. — In considering the elements and compounds in- 
cluded under the head of Inorganic Chemistry, the fundamental 



CLASSIFICATION OF COMPOUNDS OF ( 

iubstiinces are, of coarse, the olemcnts. The properties of the 
[^ipDKtnla enable us to separate them, for stuily, info a numboi 
of groups; as, for example, the chlorine group, including 
bromine, iotline, and fluorine; the oxygen group, in which 
are inuluded sulphur, selenium, and tellurium. To recall the 
method generally adopted, we may take the chlorine group. 
In studying the membera of this group, thero is found great 
similarity in their properties. Their hydrogen compounds next 
present themselves, and here the same similarity is met with. 
Then, in turn, the oxygen and the oxygen and hydrogen com- 
pounds are considered, and again the resemblances in properties 
between the corresponding compounds of chlorine, bromine, and 
iodine are met with. We thus Lave groups of eleraente, and 
|Bf th e derivatives of these elements : as, — 

^H Ct CIH C!0.,U 

^B Br Brn BrOJI 

^^ I IH IO„H. etc. 

Of course, the chlorine group is quite distinct from the oxygen 
group and from all other groups ; and each member of the 
uhtoriue group is, at least so far as we know, quite independent 
of the other members. We cannot make a bromine compound 
from a chlorine t^mpouud, or a chlorine compound from n 
bromine compound without directly replacing the one element 
by the other. 

Now, when we come to study the compounds of carbon, we 
shall lind that the same general principle of classification is 
made use of ; only, in consequence of the peculiarities of the 
compounds, the system can be carried out much more perfectly ; 
tlw members of the same gi'oup can bo transfoi-med one intc 
tbe other, and it is also possible to pass from one group t^^ 
another by means of comparatively simple reactions. 

The simplest compounds of carbon are those which contain 
only hydrogen and carbon, or the hydrocarbons. All the other 
jppupd? iP.aj be regarded as derivatives of the hydrocarbons, 
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To begin with, there are several groups or series of hydrocar- 
bons, which correspond somewhat to the different groups of 
elements. The members of one and the same series of hydro- 
carbons resemble one another more closely than the members of 
one and the same series of elements. Although we have indica- 
tions of the existence of more than ten series of these hydrocar- 
bons, only three or four of the series are at all well known, and 
of these, but two include more than two or three members which 
will need to be considered in this book. 

Starting with any series of hydrocarbons, several classes of 
derivatives can be obtained by treating the fundamental com- 
pounds with different reagents. The chief classes of these 
derivatives are : (1) those containing halogens ; (2) those con.- 
taining oxygen, among which are the acids, alcohols, ethers, etc.; 
(3) those containing sulphur ; and (4) those containing nitro- 
gen. Corresponding to every hydrocarbon, then, we may expect 
to find representatives of these different classes of derivatives. 
But the relations existing between any hydrocarbon and its 
derivatives are the same as those existing between any other 
hydrocarbon and its derivatives. Hence, if we Jcnow what 
derivatives one hydrocarbon can yield, we know what deriva- 
tives we may expect to find in the case of every other hydro- 
carbon. The student who, for the first time, undertakes the 
study of carbon chemistry, is very apt to feel overwhelmed by 
the enormous number of compounds described in the book or by 
the lecturer. This large number is really not a serious matter. 
No one is expected to become acquainted with every compound. 
A great many of these need only be referred to for the purpose 
of indicating the extent to which the series to which they belong 
have been developed. In general, the members of any series 
so closely resemble one another, that, if we understand the 
simpler members, we have a fair knowledge of the more com- 
plicated members. 

It is proposed, in this treatise, to consider only the more 
important compounds and the more important reactions, the 



object being rather to give a clear, genenil uotion of the subject, 
tliiin di'tniled information regarding particular compounds. . 
Should the student dpsire more specific information concerning i 
tlic prf)pertiea of any of the compounds mentioned, he 
easily ilnd it in some larger book. It will, however, hardly j 
l>c profitable for Jiim, at the outaet, to bnrden his mind with \ 
detuils. lie may thereby sacrifice the general view, which it | 
is so important that he should gain as qnickly as possible. 

The plan which will be followeil is briefly this : Of the first J 
series of hytlrocarboua tico members will bo considered. Then | 
the derivatives of tliese two will be taken up. These deriva- 
tivi-s will serve admirably as representatives of the eoiTcspond- 
ing derivatives of other liydi-ocarbona of the same series, and of 
other series. Their characteristics, and their relations to the J 
hydrocarb<iiia will be dwelt tipon, as well aa their relatione to ] 
each other. Thus, by a comparatively cloee study of two hydrc 
unrtons and their derivatives, we may acquire a tiiowiedge of , 
tlie principal classes of the componnda of carbon. After these | 
typical derivatives have been considered, the entire series 
hydrocarbons will be taken up hriefly, only such facts being 
dealt with at all fully as are not illustrated by the first two 
members. 

After the first serJea has been studied in this way, and a clear 
idea of the relations between the various classes has been 
obtained, a second series will be token up and treated in a 
similar way, and bo on. But, as already stat«d, but few of 
B series require very much attention at the Ijegiiiniog. The ' 
t series which will be used for the purpose of illustrating the 
\atSteX principles is one of the two most important series, and 
Etiie only two that need be considered at all fully at present. 



CHAPTER II. 

METHANE AND ETHANE. - HOMOLOGOUS 

SERIES. 

If we were to study all the hydrocarbons known, and were 
then to arrange them in groups according to their properties, 
we should find that a large number of them resemble Toarsh gas 
in their general conduct. Some of the points of resemblance 
are these : They are very stable, resisting with marked power 
the action of most reagents ; and nothing can be added to them 
directly, — if any change takes place in them, hydrogen is first 
given up. On arranging these substances according to the 
number of carbon atoms contained in them, we have a remark- 
able series, the first six members of which, together with their 
formulas, are included in the subjoined table : — 

Methane (or Marsh Gas) CH4. 

Ethane C2H6. 

Propane CgHg. 

Butane C4H10. 

Pentane C5H12. 

Hexane C6H14. 

On examining the formulas given, we see that the difference in 
composition l)etween any two consecutive members is represented 
by CHjj. Thus, adding CII2 to marsh gas, CH4, we get ethane, 
C2H6 ; adding CHg to C2H6, we get CgHg, and so on, in each 
successive step. Any series of 4his kind, in which the succes- 
sive members increase in complexity by CHg, is called an homol- 
ogous series. 

Just as the members of an homologous series of hydrocarbons 




METHANE AND KTHANB, 



■ from one iinothur liy CHj, or some multiple of it, 80^ 

i of floy clasa of ilurivatives of these lijdro- T 

I' carbonu differ from tach other iu tlie bojue way, and form-l 

homologous series. ThiiH, running [mrallel to the hydrocarbons ■! 

nienUoneil aliove, there are two bomologous series of oxygenl 

arivatives, aa Indicated hclow : - — 

CHj - Cll.O - CH,Oj- 
Cjllfl - CsHoO - CjlIA- 
CsHg - CsH,0 - CsHeOj. 
CiH,u - CJIioO - CiHaO,. 

Con,, - CflU„o - CoHliO,. 

e relation observed between the members of the bomologouB^ 

Kes m.etitlDaed is by no means a peculiarity of tlie marsh gas >] 

Ri«B of hydrocarbons and of their derivatives, but ia observed ] 

I connection with all other aeries of hydiocarbuna and theiij 

derivatives. 

Strictly speaking, there is perhaps no anali^y for this re-; 
grkable fact among the elements and their compounds, yet 1 
Bte which suggest analogy are known Considf r, for example, 
n chlorine series. We ba^o 



Chlorine, with the atomic « 
Bromine, " " 

Iodine, " " 



light, 35.4 



127. 



I is well known, the difference between the atomic weights of 1 
)orine and bromine is approximately equal to the differs 
Meen those of bromine and iodine. In other words, there is J 
^lar increase in complexity as we pass from chlorine to-i 
Or, at least, tJiere is a regular increase in the atomic I 
Ights of these similar elements, just as there is a regular I 
e iu the molecular weights of the similar members of an I 
foU8 eeriea. WTiile, however, a salastactory hypothesiftjl 
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• 

has been offered to account for the latter fact, and experi- 
mental evidence is strongly in favor of the hypothesis, no satis- 
factory explanation of the former has been offered ; or rather 
no satisfactory experimental evidence has been furnished in 
favor of the various hypotheses which from time to time have 
been put forward to account for the similarity between members 
of the same group of element^. 

The view at present held in regard to the nature of homology 
is founded, primarily, upon the idea that carbon is quadrivalent. 
If carbon is quadrivalent, it of course follows that the com- 
pound, marsh gas, CH4, is saturated ; that is, the molecule 
cannot take up anything without losing hydrogen. In order, 
therefore, that we may get a compound containing two atoms 
of carbon in the molecule, some of the hydrogen must first be 
given up. With our present views, we cannot conceive of union 
taking place directly between the molecules CH4 and CH4, but 
we can conceive of union taking place between the molecules 
CH3 and CHg, to form a molecule C2H6, which in turn is satu- 
rated. Representing graphically what is believed to take 
place, we have, first, marsh gas. which we may represent thus, 

H 
I 
H — C — H. If this loses one atom of hydrogen, we have the 
I H 

K I 

unsaturated molecule H — C — , which is capable of uniting with 

H 

another molecule of the same kind to form the more complex 

H n 
I I 
molecule H — C — G — II, or CoIL, .which is believed to express 

I I 
H II 

the relation existing between marsh gas, CH4, and ethane, C2H6, 
or between any two adjoining members of an homologous series. 
The evidence in favor of this view will be presented when the 
reactions are considered by means of which the hydrocar- 
bons are made. The explanation offered, and now generally 



^^^eeptcd, invulves the idea tlint carbon atoms hitve the po-n-er ^ 
^^Ktinitiug with each other. And, as the cxplauation for the j 
^^Batioa between the flrat and second members is, in principle, I 
^^K Some as fur thu relation between the second and third, the 
^^Hid and fourlJi, etc., it appears that this power of carbon atoms I 
^^Hnrnite with one another is very extensive. It is to the power 
^^Hpidt carbon possesses of forming homologous series, or to the 
^^^prcr of the atoms of carbon to unite with each other, that we j 
^^^p the lai^e uninber of compounds of ttiis element. 

^^^Qfethane (mareh ea,B, fire dampj, GH,. — This hydro- 
O cnrbon is found rising from pools of stagnant water in marshy 
districts. If a bottle is filled with water and invei-ted with a 
fnnnel in its neck in such a ikio!, some of tlie gas can be col- 
lected by holding the funnel over the bubbles rising from the 
bottom. It is also found in large quantities mixed with air, in 
f!oal mines, and sometimes issues from the earth, in company 
with otljcr gases, in the neighborhood of petroleum wells. j 

It can be prepared by passing a mixture of carbon disulphide 
and hydrogen sulphide or water vapor over ignited metals, as ' 
^^■dicatcd in the following equations -. — 
^H CS, + 2 HaS + 8 Cu = CI-I. + 4 CuaS, 
^KU CSa + 2 HjO + C Cu = CH^ + 2 Cn,S + 2 CuO. 

These methods are of special interest for the reason that they 
indicate the possibility of making marsh gas from tLe elements ; 

kbon disulphide, hydrogen sulphide, and water all being made . 
dily from the elements. < 

:t is formed, as its occi^i^nce in marshes indicates, by the ' 
omposiljon of oi^anic ms^tcr under water. In pure con- 
dition it is made moat readilj^ mixing parts eodinm acetate, 
2 parts potassium hydro.xide, and 3 ^arts quicklime, and heatr 
g the mixture. Writing sodium instead of potassium hydros- . 
j^ the action which talv^s rtfcice is represented thus : — | 




JJaCaHjO., + S'aOl 



s'aOIL= CII. 
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It will be shown hereafter that most acids of carbon break ap 
iu a similar way, yielding a hydrocarbon and a carbonate. 

Properties. Marsh gas is colorless and inodoroas. It is 
slightly soluble in water, but not so much so as to prevent its 
collection over water. It burns. Its mixture with air is explo- 
sive. It is this mixture which is the cause of the explosions 
which so frequently take place in coal mines. 

Experiment 3. Make marsh ^as from sodium acetate, potassium 
hydroxide, and calcium oxide, using the substances in the proportion 
stated on the preceding page. IOk of sodium acetate will be enouglL 
Collect the gas over water. Burn some as it escapes from a jet In 
small <iuantities It does not readily explode with air. 

Keiigents, in general, do not act readily upon marsh gas. 
Chlorine in diffused daylight gradually replaces the hydrogen, 
foniiiug 11 series oi compounds whicli will be considered under 
the head of the halogen derivatives of methane. The simplest 
of them lias the composition represented by the formula CH3CI, 
and is known as chlor-methane or methyl cidoride. 

Ethane, C..H«. — Etliane rises from the earth from some of 
the gas wells in the regions in which petroleum occurs. It is 
also found dissolved in crude petroleum. 

It can be made from methane by introducing a halogen and 
making a compound like chlor-methane, CII3CI. As the corre- 
sponding iodine derivative is less volatile, it is used. This iodo- 
methane, CH3I, is treated with zinc or sodium in some neutral 
medium, as, for example, anhydrous ether. The reaction which 
takes place is rei)resented thus : — 

CH3I + CII3I 4- 2 Na = Cgllc + 2 Nal. 

Tliis method of building up more complex from simpler hydro- 
carbons has been used extensively ; and it is well calculated 
to show the relations between the substances formed and the 
simpler ones from Tvhich they are made. 

An operation of the kind involved in the above-mentiouod 
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preparation of ethane is called a synthesis. The essential feature 
of the synthesis is the formation of a more complex substance from 
simpler ones. Our knowledge of the structure of the compounds 
of carbon is largely dependent upon the use of various methods 
of synthesis. For example, in the case under consideration, the 
synthesis onves us at once a clear view of the relations between 
ethane and methane, and also suggests that homology may be 
due to similar relations between the srccessive members of the 
series, — a view which is fully confirmed by the synthetical prep- 
aration of the higher members. A similar method of synthesis 
has been used in the preparation of tetrathionic acid from 
sodium thiosulphate. The action is represented thus : — 

Na^A } + i^ = NaSA > ^l 2 Nal. 
Na^S A 3 NaSA 

Two mol. sodium Sodium tetra. 

tbioflulphate. tbionat*. 



CHAPTER III. 

HALOGEN DERIVATIVES OF METHANE 

AND ETHANE. ' 

Substitution. — When methane and chlorine are brought 
together in diffused daylight, action takes place gradually ; 
hydrochloric acid gas is given off, and one or more products 
are obtained, according to the length of time the action con- 
tinues. The products have been studied carefully, and four 
have been isolated. The composition of these products is repre- 
sented by the formulas CH3CI, CH2CI2, CHCI3, and CCI4. We 
see thus that the action of chlorine consists in replacing, step 
by step, the hydrogen of the hydrocarbon. The action is repre- 
sented by the four equations : — 

(1) CH4 + CI2 = CH3CI + HCl 

(2) CH3CI + CI2 = CII2CI2 + IICl 

(3) CH2CI2 + CI2 = CHCI3 + HCl 

(4) CHCI3 + CI2 = CCI4 + HCl. 

This replacement of hydrogen by chlorine is an example of 
what is known as substitution. We shall find that most hydro- 
carbons are very susceptible to the influence of the halogens 
and a number of other reagents, such as nitric acid, sulphuric 
acid, etc., and that thus a large number of derivatives can be 
made, differing from the hydrocarbons in tliat they contain one 
or more halogen atoms or complex groups in the place of the 
same number of hydrogen atoms. It must be borne in mind 
that the mere fact that chlorine, in acting upon marsh gas, 
replaces an equivalent quantity of h3'drogen, does not prove that 
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the clilorine in the product occupies the same place that the I 
replaced hjdi-ogen did, Nevertholeae, a careful study of all I 
the facts regarding the products thns formed has led to the ] 
belief that the suhstitnting atom or residue does occupy the ] 
Bsane place, or bear the same relation to the carbon atom as 
the hydrogen did. | 

The iiarac substilution-pTodiicta properly includes all products 
made from the liydroearbons, or from other carbon compounds, 
by the siibetitution process. The principal ones are those 
formed by the action of the halogens, or the halogen itubstituHon- 
prodiicts; those formed by the action of nitric acid, or the nitro- 
xubsCituf ion-products ; and those formed by the action of sulphuric 
a«id, or the sulphonic acids. The last are, however, not com- I 
monly spoken of as substitu,,ion-productB. ' ] 

Chlor -methane, methyl chloride, CHjCl. j 

Brom-methane, methyl bromide, CHuBr- I 

lodo -methane, methyl iodide, CHjI. ' 

The chlorine aiid bromine protlucts can bo made by treating ' 
methane with the corresponding element. They can be most 
easily made by treating methyl alcohol witli the corresponding 
Bb^drt^n aeide : jrr 
WT Cll^d -I- HCl = CH3CI -I- HaO. 

■ ll«1hyl BkDhol. ChlDr-m«(ljiine. 

H Di-iodo-methane, methylene iodide, CH,I, This sub- | 

Mfatnce is the priucipid hnlc^en derivative of methane containing -< 

^Mp halogen atoms. It is made from iodoform or tri-iodo- ' 

^^Bthane, CHI^, by treating witli hydriodic acid, the latter 

^^Kng as a reducing ageut: — 

^r CHI, -H HI = CH.lj -I- J,. 

Mto win be seen, this ia a case of reveise mibstitution ; in other 

H^Vrds, the actiou is the opposite of that described above as 

Bfl wtitution. Methylene iodide is a liquid which boils at 180°, 

^ud has the specific gravity .^.^42. 
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Chloroform, CHCI3. \ The best known and most exten- 
Bromoform, CHBrj. >^ sively used of these three derivatives 
Iodoform, CHI3. ) is chloroform or tri-chlor-methane. It 
is made by treating ordinary alcohol with " bleachmg powder." 
The action is deep-seated, involving at least three different 
stages. It will be referred to more full}' under the head of 
chloral (which see). Chloroform is a heavy liquid of specific 
gravity 1J)26, It has an ethereal odor, and a somewhat sweet 
taste. It is scarcely soluble in water. It boils at 62**. It is 
one of the most valuable anaesthetics, though there is some 
danger attending its use. 

Experiment 4. Mix 5508 bleaching powder and 1 \ litres water in 
a 3-litre flask. Add 338 alcohol of sp. gr. 0.834. Heat gently on a wi^ter- 
batli until action begins. A mixture of alcohol, water, and chloroform 
will distil over. Add water, and remove the chloroform by means of 
a pipette. Add calcium chloride to the chloroform, and, after standing, 
distil on a water-bath. 

Iodoform, which is used quite extensively in surgery, is made 
by bringing together alcohol, an alkali, and iodine. It is a 
solid substance, soluble in alcohol and ether, but insoluble in 
water. It crystallizes in delicate, six-sided, yellow plates. 
Melting-point, 119°. 

Experiment 5. Dissolve 20R crystallized sodium carbonate in lOOK 
water. Pour 10k alcohol into the solution, and, after heating to 60^ 
to 80°, gradually add lOs iodine. The iodoform separates from the 
solution. 

Tetra-chlor 'methane, CCI4, is made by treating carbon disul- 
phide with chlorine, and by treating chloroform with iodine 
chloride, ICl. 

Equivalence of the hydrogen atoms in methane. Having thus 
seen that the hydrogen atoms of methane can easily be replaced, 
the interesting question suggests itself whether these hydrogen 
atoms all bear the same relation to the carbon atom. We 
accept the conclusion that the carbon atom is quadrivalent, 



and that eacli of the four liycli'c 



with it, as indiu.itfil in llie rwiiiulii (4)H-C-H(2j. Do llie 

ntoma miinbered 1, 2. 3. anil 4 Ixrar Mto same ivlaLion to the ■ 
carboQ or not? If they do not, then, on veplachig II (I) hy 
chiorhie, the priKjiift ehniild he different from that olitained by 
replacing H (2). H (3). or H (i) ; or, it should lie poasihle 
to make more than one variety of chloi'-mcthaue and of similar , 
products. This subject is an lixtrcmely difttoiilt one to deal i 
with. We can onlj- say that, altlioiigh chlor-methane has been 
made in severid ways, the product obtained is always the 
same one ; and the same is ti'ue of nil other substitution -pro- 
ducts of methane. Hence, we have no Tvaaon whatever for . 
beliffohng that tliere are any differences between the hydrogen '. 
atoms of methane. We therefore conclude that they all bear the 
mme relation to the carbon atom- 

This conclusion is of fuudai 
the higher memtiers nf the tnt^tha 

rg with nil carbon compounds, a 



iutal importance in dealing with 
ane series, and, indeed, in deal- 
s will be seen later. 



Chlor-ethaue, ethyl chloride, CHjCl. 

Brom-ethane, ethyl bromide, CiHsBr. 

lodo-ethane, ethyl iodide, C5H5I. 

These siibstanccH ;iii: a!! liipiida liaviiig pleasant ethereal odora. 

Tlie flrst boils at 12°, the second at 38. S°, and the third at 72°. 

They are most readily made from alcohol, hy ti-eatiug with the 

corresponding hydrogen acids. In the case of the bromide and 

■ijo^de, it is siniplcr to treat the alcohol with red phosphorus 

IhM the haliigen. The action is similar to that involved in 

Ppi^ng hydrobromic acid by treating water with red phosphorus 

■"tod bromine. It will be shown that alcohol is a hydroxide, 

111 which hydi-oxyl (OH) is in combination witli the gi'oup CjHs, 

culled etiijl, as represented in the foiiuida CjIIj.OH. When 
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broraine is brought in contact with red pliosphonie, the tribro- 
mide, PBra, is forineO, and this acta upon the alcohol thus : — 



. 3 fJIiUr + PtOH),. 



C^,.OH + Br \ 
C,Ha.OH 

When water is uawl instead of alcohol, the bromine appears in 
CombinaUon with liydrogen as hydrobi'oniie acid. 

Experiment B. Arrange an apparatus as represeated in Fig. 4. 
In tiie flank place IOb red phospliunis ami fiC« absolute alcobol. Put 
eO« bromine In Llie glass-stoppered funnel, and, by means of the stop- ■ 
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cocfe, let tlie iiromlnt! enter tlie flask very slowly, drop hy drop. Aftet 
allowing the mixture to stand for two or tliree hoors, gently heat the 
water-bath, and the broTn-ctliane will distil over. Place the distillate in 
a glasB-stoppcred cylinder, and sliake It first witii water to which some 
canstic soda has been added, and then two or three times with water 
alone. Separate the water from the broni-etliaue either by means of a 
pipette' or a separating (Hinnel. Add two or three pieces of fnsed 
; Iwo UqaMs ot dllTereiit BpHlHo grsvitli.'a cud be eiu)l; 
tubing Bboiil l.ti to a- Inlpmal dfumcler, and a 
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cnlcium chloride the size of a small marble, and let stand for a few 
Ijours. Then pour olT Into a clean, drj distilling bulb, aod distil, □oting 
the boillug-poliit. 

Among the raanj balogcn substitution-products of ethane 
containing more than one balogeu atom, only two will be men- 
tioned. These are the two di-cIilor-eHia/nes, both of which ai'e 
represented by the foirauia C(H,CL,. The existence of these 
two substances, having the same composition but entirely differ- 
ent properties, affords a good example of what is Itnown as 



Isomerism. — One of the most striking and int*'resting facts 
with wbieh we become familiar in studying cni-bon compounds, 
is the frequent occurrence of two, and often more, substances 
containing the some elements in the same proportions by weight. 
Substances which bear this relation to one another are said to 
be isomeric. 

Isomerism is of two kinds : (I) Substances may have the same 
per oentagc composition and the same molecular wciglils. Such 
bodies are said to be metameric. The di-chlor- ethanes, GjHjClj, 
for example, are metameric, (2) Substances which have the same 
per centoge composition bat different molecular weights are said 
to be pnb/meric. Acetylene, CjHa, benzene, CoHo, and styrene, 
CgHa, are polymeric. 
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The cause of isomerism is undoubtedly to be found in the 
different relations which the parts of isomeric compounds bear 
to each other. Our structural formulas, which show the relations 
between the parts of compounds which have been traced out by 
a study of the chemical conduct of these compounds, give us an 
insight into the causes of isomerism. To illustrate, let us take 
the two di-chlor-e thanes. One of these is made by treating 
ethane, the other by treating ethylene, C2H4, with chlorine. 
In the first case the action is substitution ; in the second, the 
chlorine is added directly to ethylene, thus, — 

O2JLI4 "i" ^'2 ^^ 02114^ l2» 

The product from ethylene is called ethylene chloride; that from 

ethane, ethylidene cJdoride. It will be shown that ethylene is to 

CH2 
be represented by the formula I ; that is, that in it two hydro- 

CH2 

gen atoms are in combination with each of the carbon atoms. 
Now, if chlorine is brought in contact with this substance, we 
should naturally expect each of the carbon atoms to take up one 
atom of chlorine, and thus to become saturated, as represented 
in the equation, — 

CH2 CI CH2CI 

I + = I 

CH2 CI CH2CI. 

Chlorine is taken up, and it is believed that the eth^^lene 

chloride obtained has the structure represented by the formula 

CIT2CI 

I , the distinctive feature of which is that each of the chlorine 

CH^Cl 

atoms is in combination with a different carbon atom. 

We, however, can conceive of another possibility ; viz., that 

the chlorine atoms are both in combination with the same 

CHCl, 
carbon atom, as represented in the formula | , and we 

0113 

should be inclined to the view that this represents the structure 
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Fortunately we liave experimental evi- 
iew. It will be shown that aldehyde 

When aldehyde is treutL'd with phos- 



of ethylidene cMoride. 
deuce to sup[wrt Ibis \ 

CHO 
lias the formula j 

ClI, 

phorus pentaohloride, two ehlorine atoms take the place of ILe 
oxygen. A product, wlucb must be reiweaented by the foi-mula 
CHCI, 
I is formed, and this is identical with ethylidene chloride. 

ThiiB it will be seen that the difference between the two iso- 
meric compounds, ethylene chloride and cthylidcnu cldoride, 
depends upon the fact that in the former the two chlorine 
atoms lire in conibiaation witli different carbon atuiiis, wliile 
in tbu latter botli clilorine atoms are in combination with the 
same carbon atom. 

General characteristics of Ihe halogen derivatives of tnethane 
and ethane. The one chai-act«ristic to which it is desirable 
tiliat Bptcial attention should be called is the firmneas with which 
the halogens are held in the compoimds. Chlorine, in combina- 
tion with a metal 1)1 the form of a soluble compound, can always 
be removed by addition of silver nitratfi. It cannot easily be 
so removed when present in substitution products of the bydro 
carbous. If silver nitrate be added to a solution of chlor- 
metliane, CH3CI, no precipitnte is formed. On the other hand, 
when chlor-methane is heated with a silver compound, the chlorine 
is removed. Sodium and zinc have the power of extracting the 
cblorine, bromine, etc., from halogen derivativea, and this fact 
is taken advantage of in the aynthebis of many hydrocarbons. 
(See " Ethane," p. 24.) 



CHAPTER IV. 

OXYGEN DERIVATIVES OP METHANE 

AND ETHANE. 

TiiERK are several classes of oxygen derivatiyefi of the hydrO' 1 
carljons. Among them are the important compounds known as 
alcohols, etliers, aldehydes, and acids. Each of these classes 
will be taken up iu turn. 

1. Alcohols. 

Among the most important ox^-gen derivatives are the alco- 
hols, of which methyl alcohol, or wood spirits, and ethyl alcohol, 
or spirits of wine, are the best known examples. As far as 
composition is concerned, these bodies bear very simple relations 
to the two hydrocarbons, methane and ethane. These rela- 
tions arc indicated by the formulas, — 

IlydrucurboDB. Alcohols. 

CH4 CH4O 

C2Hg C2HgO. 

The molecule of the alcohol differs from that of the correspond- 
ing hydrocarbon by one atom of oxygen. In order to under- 
stand the chemical nature of alcohols, it will l)e best to studv 
with some care the reactions of one ; and we may take for this 
purpose the simplest one of the series, viz., methyl alcohol. 

Methyl alcohol, CH4O. — This alcohol is also known as 
wood spirits. It is found in nature in combination in the oil 
of wintergreeu. It is formed, together with many other sub- 
stances, in the dry distillation of wood. It is hence contained 
in crude pyroligneous acid or wood vinegar. Wood is distilled 
in large quantities for various purposes; chiefly however, for 
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ing' oharooal. In aomc charcoal factories the dietiUate iB 

txjllected and utilized. Wood is distilled also for the purpose ' 

of making vintgai', or pure aretic acid, I 

It is uol: an easy matter to get pure methyl alcohol from cnide 
wood spirits. Fractional distillation alone will not answer; 
tliDiigli, if the mixture is distilled for some time, and the impure \ 
alcohol tliua obtained then converted into some crystalline deriv- 
ative, the latter can be purified and then decomposed in each 
a way as to yield the alcohol in pure condition- 
Methyl alcohol is a liquid wliich boils at 66.7°, and has tlie I 
speeiliu gravity 0.8142 at 0°. It closely resembles oi-dinary 
llcohol in all its properties. It burns with a non-luminous 
When taken into the system it intoxicates. In coneen- 
fonn it is poisonous. It is an excellent solvent for fats, 
resins, etc., and is extensively used for this pm-pose. 

1. AdioH of hydrochloric, hydrobromic, and other acids on ' 
methyl alcohol. The action of a few acids is represented by i 
Uie following equations : — i 

CH4O + HBr = CH^Br + H^ ; I 

CH,0 + HCl = CH,C1 + H,0; I 

CHiO + IINOa = CHjNOj + H^O ; ' 

2 CH^O + HjSO^ = (CHs)jSO, + 2 H^O. 

The action ia plainly suggestive of that of metallic hydroxides 
or bases. In each ease the acid is neutralized and water is 
formed, just as the acid would be neutralized by potassium 
hydroxide. 

2. Action of pko^ihorus trichloride. When phosphorus tri- 
chloride acts on methyl alcohol, the products are chlor- methane 
and phosphorous acid ; — 

3 CHjO + rClj = 3 CH3CI + P(0H)3. 

Here an atom of oxygeu and an atom of hydrogen are together 
replaced by one atom of chlorine, the reaction being like that 
jnich. I^kea place between water and phosphorus trichloride : — 
^^^ 3H^ + FCl, = 3 HCl + P (.Oft-) 3- 
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This fact would lead us to suspect that there is some resem< 
blance between the alcohol and water. 

3. Action of potassium and sodium. When potassium is 
brought in contact with pure methyl alcohol, hydrogen is given 
off, and a compound containing potassium is formed : — 

CH4O + K = CH3KO + H. 

Further treatment of this compound with potassium causes no 
further evolution of hydrogen, so that plainly one of the four 
hydrogen atoms contained in methyl alcohol differs from the 
other three. 

The resemblance between methyl alcohol and metallic hy- 
droxides ; the replacement of hydrogen and oxygen by chlorine ; 
and the resemblance between the alcohol and water; and, 
finally, the replacement of one, and only one, hydrogen atom 
by potassium, lead to the conclusion that the alcohol contains 
hydrogen and oxygen in combination, and that the characteristic 
reactions are due to the presence of the group called hydix^xyl 
(OH) . The analogy between the alcohol, a metallic hydroxide, 
and water, is shown by these formulas : alcohol, CH3 .OH ; 
hydroxide, K.OIl ; water H,OH. Thus water appears as the 
type of both the hydroxide and the alcohol, and they may be 
regarded as derived from water by replacing one hydrogen atom 
by the group CII3, in the case of the alcohol, and by the metal 
potassium in the case of the hydroxide. Or, on the other hand, 
methyl alcohol may be regarded as marsh gas in which one of 
the hydrogen atoms is replaced by hydroxyl. This is the view 
which is universally held. 

To test the correctness of the view, we may try to make 
methyl alcohol in some wa}^ that will show us of what parts it is 
made up. Thus, we may start with marsh gas, and introduce 
a halogen, as bromine. Now, if we bring brom-methaae to- 
gether with a metallic h^'droxide, the bromine and the m^etal 
may unite, leaving the hydroxyl and the group CII3,, which me?y 
unite also, as indicated in the equation 

CH^Br + MOH ^ CH,.01I -f MBr. 
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■ netb}*! nlcohol could be made in this way, we sliould have very 
leai prooruf tiie cori'ectness of the view expi'esfleU in tiie foniiula 
■Hs.Olt. Metliyl alcohol tins been made by this reaction ; and 
T iH indeed a general reaction for the preparation of alcohols, ao i 
■hat the proof that aloobola are hydrosides is conclusive. 

veactiona above couaidered show that the part of mothyl 

■i^K'ohQl whi<:h corresiwnda to tlie metal in the hydroxide is 

■ group Clla- This it is which enttrs into the acids in place 

1 their hydrogen, and this remains inichanged when potaesium 1 

f acts ui>oH the alcohol. It has received the name metliyl. Hence ( 

■e the names methyl alcoliol, methyl bromide, methyl '( 

eOier, etc. A group which, like methyl, sppcara in a uumber J 

;ompounds is called a radical, or reaidve. These names ai-e J 

iDtendcd simply to designate that part of a carbon compound J 

which remains unchangeil when the comixumd ia Btibjected to * 

t-arious transforming influences. 

The two most characteristic reactiona of methyl alcohol are : 
(I) ite power to form salt-like, neutral IxKlies when treated ' 
with acids; and (2) its [lower to form an acid when osidizud. 

Tlie neutral bodies formed with acids correspond to tlie salts 
of metals, only they contain the radical, or residue, methyl, 
CHj, in the place of metals. They ai-o called compound ethers 
or ethereal salts. 

The acid toimed by oxidation baa the corai>08ition expressed 
by the formula CHiOb. Ft differs from the alcohol by contain- 
ing one atom of oxygen more and two atoms of hydrc^eii less. 
It will be shown that this acid is the first of uu important series 
of apidft, known sis tiiefalt;/ lU-i'da, fa<;li of which bears the same 
rclttlioii to a hydrocarbon containing the same uumber of carbon 
atoms that this simplest acid bears to marsh gas. 

Ethyl alcohol. O.jHj.OH, — This is the best Ituown sub- 
stance belonging to the elasa of alcohols. It is kuown also by 
(lie names npir'its of vihie and ov^inart/ alcohol. It occurs in 
Rinall quautitifs widely distributed in nature. j 
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The one method of preparation upon which we are dependent 
for alcohol is the fermentation of sugar. 

Fermentation. — Whenever a plant juice which contains 
sugar is left exposed to the air, it gradually undergoes a change 
by which it loses its sweet taste. Usually the change consists 
in a breaking up of the sugar into carbon dioxide and alcohol. 
The equation 

CfiHiA = 2 CaHeO + 2 CO2, 

Sugar. Alcohol. 

approximately expresses what takes place in the process which 
is known as tdcohoUc fermentation. It has been shown that 
fermentation is caused by the presence of small organized 
bodies, either animal or vegetable. These bodies, which ar« 
known as ferments, are of different kinds, and cause different 
kinds of fermentation with different products. Among the kinds 
of fermentation the following may be specially mentioned : — 

1. Alcoholic or vinous fermentation. This is caused by a 
vegetable ferment which is contained in ordinary yeast. The 
ferment consists of small, round cells arranged in chains. The 
products of its action are alcohol and carbon dioxide. 

2. Lactic acid fermentation. This is due to a vegetable 
ferment which is contained in sour milk. It has the power of 
transforming sugar into lactic acid. 

3. Acetic acid fermentation. This is due to a peculiar vege- 
table ferment which acts upon alcohol, transforming it into 
acetic acid. 

The germs of the various ferments are in the air ; and, when- 
ever they find favorable conditions, they develop and produce 
their characteristic effects. They will not develop in a solution 
of pure sugar. The variety of sugar which is fermentable, and 
which is the one from which alcohol is obtained, is not our 
ordinar}' cane sugar, but one known as grape sugar; or, more 
commonly, glucose. In order that the ferments may grow, there 




FBRMKNTATION. 



"tait be preeent in the solution, bueides the sugar, aubBtancea 
li contain nitrogen. Theao, as well hb tlie sugar, are con- 
tsinod ilk the juices prosaed out from fruits, and hence these 
juices readily undergo fernieutation. 

In the manufacture of alcohol a solution containing either ' 
stnrcli or sugar is first prepared from the residue of wine presses, , 
or Trom some kind of grain or potatoes. In case the Bolutiou | 
contains grnpe siigai', this undergoes formentiition directly f 
when the ferment is added. IE the Bidistauee in sointiou 
is eaiie sugar, Uiis is firat changed by the ferment into grape 
sngar, and the fermenlation then takes place- as in the first 



Kxperiiiient 7. Dissolve ahont 160e commercial grape sugar In 1 to 
Ij litres of walcr in a good-sized ftask. Conaei^t the Ha^k by niean^ u( 
a bent tube witb a cylinder contalulug elcar lluie watur. Protect the 
latter from the air by means of a tnbc eontalnlag cau»Clu puta:jli. Now 
add to the auluUon of grape sugar a little brewer's yeast; close the 
couueetions, and allow to stand. Soon an evolution of gas will begin, 
ond, as this passes through the lime water, a precipitate of calcium 
carbonate wUl be formed. After the action is over, place the tiBsIt in 
a water-bftthi connect with a eoudonsor, and distil over 100" of the ' 
llqnld. Examine this for alcoboL 

A good way to detect alcohol is this ; Warm the solution to be 
tested; add a small piece of iodine and then caustic potash until the 
color ts destroyed. On cooling, a yellow crystalline powder of iodo- 
form la deposited. 

To obtain alcohol from fermented liquids, they must be dis- 
tilled. The ordinary alcohol contains water, and a mixture of 
other alcohols called /usei oil. The latter can be removed partly 
by distillation, and the last portions can be got rid of by filter- 
ing thi'ough charcoaL The water cannot be removed completely 
by distillation, though a pi'odiict containing about 96 per cent 
of alcohol can be obtained in this way. 

Absohde alcohol is ordinary alcohol from which the water has 
lieon removed to a considerable e.\tent by means of some dehy- 
drating agent, as quicklime, bariom oxide, or anhydrous copper 
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siilpbnte. My conttuiied tL'en.tmeut with lime tlie qiiaotity o 
water cflD he I'eduoetl to one-half- ii per cent, and this enalli 
quantity can bo removed hy ti'i'atmeat with metallic Bodiiim. ^ 

Experltiiunt 8. Prepare abuolute alcoliol traia ordinarj £ 
aicohol. For tlila piir[io.se a good-siKud Hask is onc-Iioir ti 
lllletl with quicklime broken luto small Iiimps. The alcohol i^ p 
upon tbe lime, and allowed tu stiind at least tiventj-four lionrs, i 
It is distilled otr on a water-bath. If the alcohol used contains 
Bldoroblc water, It is necessary to repeat the treatment with lime.a 

Pure ethyl alcohol has a pcculiai', pleasant odor, 
claimed, however, that perfectly anhydrous alcohol bttl 
odor. It reinoinu liquid at very low temperattii'cs, bun 
recently lieen converted into a solid at a tenipcratui'o 
It boila at 78.3°. It burns with a non-lnminoiis tiame, ■ 
does not leave a deposit of soot on substances placed in 
can hence be naed for heating pnrposes in chemical 1 
Uiriee. When mixed with air it« viqwr explodes wbeo a 
applied. Its effects upon the human system are welt kno! 
It intoxicates when taken in dilute form, while in large doses it 
is poisonous. It lowers the temperature of the body from 0.5 
to 2° when taken internally, although the sensirtion of warmth 
is experienced. 

Alcohol is the principal solvent for substances of organic 
origin. It is hence extensively used in the arts, as in the mai 
facture of varnishes, perfumes, and tinctures of drugs. 

The many beverages whicli arc in nae dei>end for their e 
ciency upon the presence of alcohol in greater or smaller quantity. 
The milder forms of beer contain from 2 to 3 per cent ; light 
wines, such ae claret, about 8 per cent ; wliile whiskey, brandy, 
rum, and other distilled liquors sometimes contain as much as 60 
to 75 per cent. These distilled liquors arc nothing but ordinary 
alcohol with water and small quantities of substances obtained 
fVom the fruit or grain used in their preparation, or obtained by 
standing in barrels made of oak wood. The different flavors 
Rre due to the small quantities of these substances. 



^^^^^^^^^ FERMENTATION. ' 

^Kiemicai conduct of ethyl alcohol. All that was said in regard 
^^^ chemical conduct of methyl alcohol applies to ethyl 
Rlcolioi. Tlic action of acids, of phospliorns trichloride, of 
I Uia nikali metals, and of oxidizing ngente is the same as in the 
Rme of methyl alcohol, only the products formed contain the 
^Kcal, ethyl, CJl^, instead of methyl. 

^^Bme FOa StI/Ddint. — The stadenL is adviseil to write the eqaa- 
^^m TcpreEenting the action of hydrochloric, hyrlrobroailc, and nitric 
^^iiof phospJioruB tricliloiicle ; audof potaaainm, upon o thy 1 alcohol. 
^Hu Is the compoEition of the acid formed h; oxidation of oidiiiar; 
Btlol? 

H 2. Ethers. 

^Ua lias been shown, when an alcohol is treated with potjis- 

^Hi or sodium, componuds arc formed ha^'iug the for- 

■^ CHjONa, CHgOK, CaHjOK, CjU.ONa. 

^Hpoe of tliese is treated with a mono-halogen derivative of 
^■jdrocarbon, as, for example, iodo-methane, CH3I, reaction 
^HS ])lace thna : — 
B CHjONa + CHjI = CjHoO + Nal. 

^Kbe reaction leaves very little room for donbt in regard to 
^Hltnictnr*e of the compound C^HeO. It must be represented 

Btlie formula CHj - O - CII3, ov ^^ >0, or (CH,),0. 

^B^mring it with methyl alcohol, we see tliat it is obtained 
^Bttbc alcohol ljy replacing the hydrogen of the hyflvoxyl by 
^Biyl* CHj, Just as the alcolinl is analogous to the hydroxide 
^Hpi BO the new compound is analogous to the oxide K3O. 
^Hp the representative of a class of bodies known as elli^rs, 
^HA are analogous to tlic oxides of the metals. Our ordinary 
^Km la the chief representative of the class. 
^Hvhile the reaction above mentioned serves admiralily to sliow 
^^beUtionB between the alcoliols and ethers, it is not the one 
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that is made use of in their preparation. This consists in treat- 
ing the alcohols witli sulphuric acid, and distilling. 

Ethyl ether, 03,00 - (0,H3).,O. — This is the substance 
commonly known simply as ether ^ or sulphuric ether. The latter 
name was origin alh' given to it because sulphuric acid is used 
in its manufacture, and plainly not because any sulphur is con- 
tained in it. 

Theoretically, the simplest way to make ether from alcohol 
is to make the sodium compound of alcohol, CoIIgONa, and to 
heat this with broni- or iodo-ethane thus : — 

C^lIsONa + C2H5I = (C2H5)20 + NaT. 

Practic^ally, however, ether can be made much more readily, 
and it is made on the large scale by mixing sulphuric acid and 
alcohol in certain proportions, and then distilling the mixture 
as described below. Two distinct reactions are involved in this 
process. First, when alcohol and sulphuric acid are brought 
together, half the hydrogen of the acid is replaced by ethyl 
thus : — 

QII.OH + JJ > SO4 = ^'^"* > SO, + H,0. 
11 u 

The product formed is called ethyl-sidphuric acid, 

Kxperiment 9. Slowly pour 20 to iW^ conceutrated sulphuric acid 
into about the same volume of alcohol of 80 to 90 per ecut. Stir 
thoroughly, and dilute with a litre of water. In an evaporating dish 
add powdered barium carbonate until tin; liquid is neutral. Filter, 
and examine the clear llltrate for barium. Its presence shows that a 
soluble ])arium salt has bo(ui formed. This is barium ethyl-sulphate, 
Ba(C,II,SO,),. 

When ethyl-sulphuric acid is heated with alcohol, ether is 
formed, and sulphuric acid is regenerated thus : — 

CjiijOii + '^'-"; > so, = ^-"'' >o + iiso,. 

11 ^^5J"5 



Tb? otber thus formed distils over ; and, if nloohol is admitte' 
to tlic sulphuric ncid, ethjl-siilpliurio acid will again be fonned, 1 
ami ffilL excess of alcohol it will yield eliier. The octunl \ 
method of [irocedurc is described in 

Kxpi-rlnient 10. Arraagc an app.ii 
liie (l».-.k put a inixliiri; of 2008 nleoliol, and KfiO* ordinary < 
tratcti snlphnrlc ncld. It Is tiutter to mix tlium In uiiolliGr vessel, 1 
■ai1 allow the mixUiru to stand for some time natll It is Uioroaghlj J 




W cnoied dnwn; and then to pour off tiom any dcposituU sulld as cc 
pletcly na possible. Now heat until the thermomelor indicati's 
lempemtiire 140°. At this point the ralxtnre bolls, niid ether begins 
ptiss ovt-r. As soiin as this Is noticecl, open the f top-tock of the vessel 
■I, and let a. slow ntroani of olcobol pass Into the distilling flask tlirongh 1 
Ihv IDhe n, which rntist reach beneath the snrface of the mixture. 
U«rgnlat« this stream so that the temperature remains as iieiir 140° as 
IKtnsiblc. Ill tbia way the operation can be kept up for a considerable J 
Uiue, the nieohol aiiinlttecl to tlie flask passing out as etiier, and being 1 
collected tngellier with somf alcohol in the receiver. After about a ] 
haU litre to a litre of distillate has been eollected. stop the operation. 
TUr mixture in (he distilling Ila^k can be kept in a stoppered bottle I 
soil uscJ iigalii wUfii needed. Ponrtlic distillate itttottgla«i&-&tov^"!*4' 1 
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cylinder, and add water. The ether will rise to the top, forming a 
distinct layer, and can be removed by means of a pipette or separating 
ftmnel. It should be shaken in this way a few times with water; then 
treated with a little calcium chloride ; and, after standing, poured off 
into a dry flask, and distilled on a water-bath. 

N.B. Never boil ether over a free flame ; and, in working with it, 
always carefully avoid the neighborhood of flames. In boiling it on a 
water-bath, do not heat the water to boiling. 

Ether is a colorless, mobile liquid of a peculiar odor and 
taste. It boils at 34.9°. (Hence the necessity for the pre- 
cautions mentioned above.) Its specific gravity is 0.736 at 0°. 
(What evidence have you had that it is lighter than water?) 
If. is very inflammable. 

Experiment 11. Put a few cubic centimetres of ether in a small 

evaporating dish, and apply a flame. 

* 

When its vapor is mixed with air, the mixture is extremely 
explosive. Ether is somewhat soluble in water, and water is 
also somewhat, though less, soluble in ether ; so that when the 
two are shaken together the volume of the ether becomes 
smaller, even though every precaution is taken to avoid evapor- 
ation. Ether mixes with alcohol in all proportions. It is a 
good solvent for resins, fats, alkaloids, and many other classes 
of carbon compounds. 

It is an excellent anaesthetic, and is used extensively in this 
capacity. In consequence of its rapid evaporation, it is used 
to produce cold, as in the manufacture of ice. So, also, when 
brought against the skin in the form of spray, the cold produced 
is so great as to cause insensibility. 

Experiment 12. In a thin glass test-tube put 5^^ water. Introduce 
the tube into a small beaker containing some ether. Force air through 
the ether by means of a bellows. The water will be frozen. 

Chemical conduct of ether. If wo were dependent upon the 
decompositions and general reactions of ether for our knowledge 
of its structure, we should be left in grtixe doubt as to the rela- 



MIXED ETHERS. 45 

tions existing between it and alcohol. Its decompositions are 
mostly deep-seated, and not easily explained. Fortunately, as 
we have seen, its synthesis from sodiqm ethylate, CgHgONa, and 
iodo-ethane, C2H5I, leaves us in no doubt regarding its structure. 
The simplest decompositions are these : — 

Heated with water and a small quantity of sulphuric acid to 
150®, it is converted into alcohol : — 

^^^>0 + JJ>0 = 2 C2H5OH. 

Treated with hydriodic acid at a low temperature, alcohol 
and iodo-ethane are formed : — 

^^5>0 + ^ = C^H^OH + C2HJ. 

Mixed ethers. — Just as ordinary or ethyl alcohol fields 
ethyl ether, so methyl alcohol yields methyl ether, (CH3)20. 
By modifying the method, a mixed ether, methyl-etliyl ether, 

> O, can be obtained: This is formed by treating sodium 



C2H5 



CH, 

methylate with iodo-ethane, or by treating sodium ethylate with 

iodo-methane : — 

CHaONa + C^H,! = ^^' > O + Nal ; 

CjHfiONa + CH3I = ^2^5 ^ o _|. NaT. 

CJJ3 

It is formed also by distilling methyl alcohol with ethyl-sul- 
phuric acid, or ethyl alcohol with methyl-sulphuric acid : — 

H H CIT3 -»^ 2 4, 

^^^ >0 + ^"^ > 80, = ^^}' > O -f- H0SO4. 

Methyl ether and methyl-ethyl ether are very similar to ordinary 
ether. 
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3. Aldehydes. 

It has ])eeii Btntcd above tlmt wlicn methyl and ethyl alcohols 
lire oxidized, tliey are converted into acids having the foiinulaB 
ClLjilj and CAl^ih, rcHpectivel}'. By proper precautions, prod- 
ucts can ])e oI)tained intermediate between the alcohols and 
acidn, and ditforint; from them in composition in that they 
contiiiu two atoms of hydrogen less than the corresponding 
alcohols. Th(>se products are called cddeliydes^ from alcohol 
(leh/drof/matum^ from the fact that they must be regarded as 
alcohols from whi(;li hydrogen has been abstracted. The rela- 
tiouH in compoHition between the hydrocarbons, alcohols, and 
aldehydes are shown l)y these formulas: — 



HydrofurlionB 


AlcoholH. 


Aldehydes. 


(;ir, 


CH.O 


CH2O 


OJI« 


CllcO 


CSH4O 


etc. 


etc. 


etc. 



Methyl aldehyde, formic aldehyde, CH,0. — This is 
niadt' by jyoiilh* oxidation of methyl alcohol, as by passing the 
vai)or of tlie alcohol with air over a heated platinum spiral. It 
is a very volatile li(iuid, which, up to the present, has not been 
l)repared in pure condition. 

In order to gain a clear insight into the nature of the aide- 
liyd(?s, it will ])e l)est to study the best-known representative of 
tlu^ class, which is acetic aldehyde. 

Ethyl aldehyde, acetic aldehyde, C..,HiO. — The name 

Mf/1 aJ(lf'Jn/(Jfi is intended to recall the comioction between the 
substance and ethyl alcohol ; while the name acetic aldehyde is 
<ifiven to it because, by further oxidatiou, it is converted into 
acetic acid. The latter is perliai)s the l)i'tter name, as the alde- 
hyde really does not contain ethyl, CJL,, as is evident from its 
molecular fonnula. 

Acetic aldehyde is formed whenever alcohol is brought in 



,>ntact with an oxidizing mixture; !ia, for oxainplc, iMitiiBdiuw J 
Bichromate aud dilute sulphuric acid. 

Experlmeat 13. Dissolve n little potaHsiuni dichroraate In wateiv 
iaii add sulphuric a^id. Now add a few cubic coDtinicrtrus of alco^^ 
*Jki1. nuii notice the odor which la tliat of aldeliyde. NiiMpp, 

thu chniigii of color of llii; solution, showing the reduction of thefl 
ebromate. 

As aldehyde is a very volatile liqnid, it is difficult to collect it. J 
lu preparing it, it is therefore better to pass it into some liquid< 
whivb will absorb it, and then afterwardB separate it by S 
appropriate method, A good method is tliat described below. . 

Experiment 14. AlTange an apparatus as shown In Fig. 7. 
120« frninnlated potassium dk-hromate In the flask A, which must Imvtf.fl 
a capacity of 1} to 3 lltri?9. Maku a mix Hi re of Hi(K concentrated bu>^ 




pharic acid, 480e water, and V2(K alcohol Cool the mixture down t 
the ordinary temperature, aud thcu pirar It alaielv through the funnel- 
tut>e B Into the Bask containing the potassium (lichromata The J 
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flask should stand on a water-bath containing warm water. The cylla 
ders C and D aie about half filled with ordinary ether, each one con- 
taining about 200«c ether, and placed in the large vessel F, which 
contains ice water. 

Usually, when the alcohol, water, and sulphuric acid are poured upon 
the dichromate, the action begins without application of heat. At times 
it takes place rapidly, so that the liquid should always be added slowly. 
The aldehyde which is thus formed, together with some alcohol and 
water vapor, passes into the condenser-tube, where the greater part of 
the alcohol and water is condensed and returned to the flask, while 
the aldehyde, being much more volatile, passes into the ether and is 
there absorbed. After the action is over, the distilling vessel -and con- 
denser are removed, and, at E, connection is made with an apparatus 
fuimishing dry ammonia gas. The gas is passed into the cold ethereal 
solution of aldehyde to the point of saturation. A beautifhlly crystal- 
lized compound of aldehyde and ammonia, known as aldehyde-ammonia, 
is deposited. The ether is poured off*, and the crystals placed on filter- 
paper. They gradually undergo change in the air, becoming yellow, 
and acquiring a peculiar odor. If the crystals are placed in a flask and 
treated with dilute sulphuric acid, pure aldehyde passes over, and can 
be condensed by ice-cold water. 

In the process of purification of ordinaiy alcohol it is filtered 
through charcoal. It is thus partly- oxidized to aldehyde ; and, 
when it is afterwards distilled, the first portions which pass 
over contain aldehyde, which is obtained on the lai^e scale by 
repeated distillation of these " first runnings." 

Aldehyde is a colorless liquid, boiling at 21°. It mixes with 
water and alcohol in all proportions. Its odor is marked and 
characteristic. 

From the chemical point of view, the most characteristic prop- 
erty of aldehyde is its power to unite directly with other sub- 
stances. It unites with ox3'gen to form acetic acid ; with 
liydrogen to form alcohol ; with ammonia to form aldehyde- 
ammonia^ C2H4O.NH3 ; with hydrocyanic acid to form cdde- 
hyde Jiydrocyanide^ C2H4O.HCN ; with the acid sulphites of 
the alkalies forming compounds represented by the formulas 
C^H^O.UKSOg and CoHiO.HNaSOg ; and with other substances. 
Indeed, if left to itself, it readily changes into polymeric modi- 
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fleKtionSi uniting with itself to form more complex compounds, 
paraldehyde and melaldehyde. 

Paraldehyde, CtH„0,. — This is formed by adding a few 
ilroiJH of L-oiiceiitr.ited siiliihnvie aciil to aldelijde, whicli causea 
tlic liquid to heconie hot. On uooling to 0°, tlic paraldehyde 
Bolidiflcs in crvstalline foi'm. It melts at lU.S". It diaaolvea 
in eight tinios its own volume of water, and boils at 124°. When 
distilled with dilute aulpburio acid, liydroehloric acid, etc., it is 
converted into aldehyde. The specific gravity of its vn|x>r has J 
been found to be 4.683. This leads to the molecular weight j 
132.4, and conscijuontlj to the formula CjIIijO;,. It is called e 
polymeric modification of aldehyde. The caiise of tlic i^jccnliar 
aotiou, and the stmctnre of tlie product are not km 



i Metaldehyde, (C;H,0),. — MetjildeJiyde is formed in mucli 
WBk same way as pai-aldchyde, only a low temperature (below 
M") is most favorable to ita formation. Itcrysbillizesinneedlea, I 
'which arc insoluble in wat<;r, an<l but sliglitly soluble in alcohol, 
eliloroforra, and ether in the cold, though more readily at a 
slightly elevated temperature. When heated to 120° in a sealed 
tube, it is converted into aldehyde. Hence ita vapor douaity 
cannot be determined, and its molecular weight is unknown. 
It has the same composition as aldehyde and pai'aldehyde, 
but it is probably more complex than the latter; that ia, its 
molecule ta probably mailc up of a Ini^er uumber than three 
molecules of aldehyde. Distilled with dilute aulphuric acid, 
etc., it is easily converted into aldehyde. 

In consequence of the tendency of aldehyde to unite with ' 
oxygen, it is a strong reducing agent. When added to an 
ammoniacal solution of silver nitrate, metallic silver is deposited 
on the walla of the vessel in the form of a brilliant mirror. 

Experiment 15. To a weak aqtieons solntioii of aldcljycle, or of 

aldehyde-ammonia, id a test-tube, ndil a fow drops of aurniotiia imd of 

LkBolution of silver uUrute. Warm gently ; and, when the deposit on 
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the walls of tlic tube bej^iiis to api)etir, stop heatiug. A brilliant mirroi 
of metallic silver will appear. This metliod is used in the manafac- 
ture of mirrors. What becomes of the aldehyde? 

Chemical transformations of aldehyde. As aldehyde is pro- 
duced from alcohol by oxidation, so alcohol can be formed 
from aldehyde b^' reduction : — 

aUgO + O = CsH.O + H2O ; 

C^H/) + II2 = CaHeO. 

By oxidation aldehyde is converted into an acid of the formula 
C)2H402, wliich is acetic acid ; and, by reduction, acetic acid is 
converted into aldehyde : — 

QH^O + O = CsH A ; 

CoH^O, + H2 = C2H4O + H2O. 

Treated with ph()si)horus })entachloride, aldehyde yields ethyl- 
idcna cJUoride^ C2II4CI2 (which see). This reaction is of special 
inti'rest and ijuportance, as it helps us to understand the relation 
l)et\veen aldehyde and alcohol. Alcohol, as has been shown, 
is the hydroxide of ethyl, C2H5.OH. When oxidized it loses 
two atoms of hydrogen. Is the hydrogen of the hydroxyl 
one of the two which are given off? If so, what readjustment 
of the oxygen takes place? Such are the questions which we 
have a right to ask. 

To luiderstand the action of phosphorus pentachloride on 
aldehyde, it will be necessary to consider briefly the action of 
this reagent in general upon compounds containing oxygen. 
When it is brought in contact with water, the first change is 
represented by the equation 

11,0 + vck = roci3 + 2 Hci. 

"Next, the oxichloride, POCI3, is acted upon thus : — 

3 lIoO + rOCls = P0(0H)3 + 8 IICI. 

Or, expressing both clianges in one equation, we have : — 

4 ILO -f- PCI5 = PO (011)3 + 5 IICI. 



ALDEHYDE, 



The phoephorus pentachloride gives up its flilorine and takes | 
up oxygen, or oxygen and liydrogen, in its piace. This is 
general tendency of tile chlorides of phoBplioriis. 

Now, when a chloride of pliospliorus is brought together with J 
an ivleoLnl, the oxygen is replaced hy chlorine, two atoms of i 
Ihe latter for one of tlie formiT, thus : — 

^L But as hydroxyl, — O — H, is univalent, its place caunot be I 
^^WMn by two atoms of chlorine and one of hydrogen, and the 
^H&o chlorine atoms have not the power of linking tiie hydrogen . 
^To the ethyl. Hydrocliloric acid is given off, and a compound is 
formed, which may he regiii'ded aa alcohol in which one chlorine 
atom takes the plac« of the hydi'oxyl. This is the kind of ' 
notion which takes place whenever a chlori<le of phosphorus acte 
upon a compound containing hydrosyl ; and ice hence make use 
of Out reaction for detemintiuf whttAer hydroxyl is or is not 
in a compound, 
a aldehyde is treated with pliosptiorua pentachloride, the 1 

ta is entirely different from that jnat descrilied. Instead of * 
hydrogen and an osygen atom being replaced by one clilo- 
I, tfie oxygen atom alone is repJa<xd by two chlorine atoms: — 

C,H,0 + PCI, = CiU^CIi + POCI3. 

If the explanation above offered of tlie action of phosphorus 
pentachloride on alcohol is correct, it follows that aldehyde is 
tot a hydi'oxyl comjiouud. We can readily understand why the 

1 atom should K' replaced by two chlorine atoms, if it i 
p in oombinatioD only with carbon as in carbon monoxide, GO. 
4 an essential difference between this kind of combina- 
tpn and that which we have in hydroxyl as C — O — H. In 
I letter condition the oxygen serves to connect carbon with 
in the former it ia in combination only with the 
>oa, and, presumably, Uie force which holds it can also hold , 
B of cldoriue or of any other univalent element with ' 
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which it can unite. So that, if oxygen be in a compound in 
the carbon monoxide condition, we should expect it to be re- 
placed by two atoms of chlorine when the compound is treated 
with phosphorus pentachloride. Let R.CO represent any such 
compound ; then we should have : — 

RCO H- PCI5 = li.CClg -h POCI3; 

while, when oxygen is present in the hydroxyl condition, we 
have : — 

R.C - O - H + PCI5 = R.CCl + POCI3 + HCl. 

Just as the latter reaction is used to detect the presence of 
hydroxyl oxygen, so the former is used to detect oxygen in the 
other condition,' which is commonly known as the carhonyl con- 
dition. 

In terms of the valence h^^pothesis, it is said that in the 
hydroxyl compounds oxygen is in combination with carbon with 
one of its affinities, and with hydrogen with the other, while in 
the carbonyl compounds it is in combination with carbon with 
both its affinities as represented thus, C= O. 

According to the above reasoning aldehyde is a carbonyl 
compound, or it contains the group CO. The simplest alde- 
hyde must therefore be represented by the formula HgC = O. 

O 
II 
Its homologue, acetic aldehyde, is CH3.C — H. The peculiar prop- 
erties of aldehyde are believed to be due to the presence of this 

li 
group, C — II, which is called the aldehyde group. We do not 

know that the double line in the formula conveys a correct idea 
in regard to the relation between the carbon and oxygen. All 
that we know is that these two elements do occur in two differ- 
ent relations to each other, and the formulas C — O — H and 
C = O recall these relations. They are expressions of facts 
established by experiment. Our notions in regard to these 
relations are largely dependent upon the reactions with the 
chlorides of phosphorus referred to above. 



■"•OHLOBAI™ 



Chloral, trichloraldehyde, CCIj .OHO. — Wlcn chlorine 
acts diR'ctly iiiKni alilpliyile, comiilicated reactioua take place 
which nuetl not bo considci-ed here. K, however, water and 
culcium carbonate are present, substitution takea place, and ' 
tric/Uonddeliyde is formed. When alcuhol is treated witli | 
chlorine, a double action taltoH place : 1 st. The alcohol is 
change<i to aldehyde thus : — - 

CHg.CIIjOH + CI2 = CHa.COir + 2 HCl. 

Then the chlorine acts upon the aldehyde, replacing the three 
hydrt^eus of the methyl, forming trichloraldehyde: — 

CHj-COH + 6 CI = CC1».C0H + 3 HCl. 

In reality the aldehyde first formed acts upon the alcohol, 
forming an intermediate pro<lnct which is acted upon by the 
chlorine. The chlorine product thus formed breaks up, forming 
cblorul. The essential featnrcet of the reaction, however, are 
stated in the above equations. Trichloraldehyde is the sub- 
stance commonly known as chloral. It is simply the tri-chlo- 
rine snbstitiition product of aldehyde. It has ajl the general 
properties of aldehj-de, and the conclusion is therefore justified 
O 

that it contains the aldehyde group -CU. 

Cbloral ia a colorless liquid, which bolls at 94°, and lias the 
spijcilic gravity 1.5. 

NoTK VOB Btitdent. — Give the formulas of componnda formed 

when chloral \e brought together with ammonia, hjdrocyftnlc acid, and 

Uie acid sulphites of the alkaUea. Wliat is the formula of the acid 

formed by Its oxidation? The answer is given in the statement that 

Mm general chemical conduct of chloral IeIIiu sanieas that of aldehyde, 

^^EVhen chloral and water are brought together, they unite to 
^^Ki ■ orystollized compound, chloral hydrate, C^HCIjO -f H^O, 
^^^bh iiS easily soluble in water, and crystallizes from the solu 
^^Kio beautiful, colorless, mouocUuic prisms. It melts at46°. 
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Taken internally in doses of from 1.5 to 5*, it produces sleep. [^ 
In larger doses it acts as an anaesthetic. 

When treated with an alkali, chloral and chloral hydrate 
break up, yielding chloroform and formic acid : — 



CCls.COH + KOH = CHCls + KCHOg. 

Chloral. Chloroform. Potaseium 

formate. 



\ 



This reaction, taken together with those which give chloral 
from alcohol, enables us to understand the reaction which is 
used ill making chloroform and iodoform. 

Note for Student. — How is chloroform made? How is the method 
explained? Answer the same questions for iodoform. The bleaching 
powder used in preparing chloroform furnishes chlorine. Is an alkali 
present? 

4. Acids. 

When methyl and ethyl alcohols are oxidized, they are con- 
verted first into aldehydes, and then the aldehydes take up 
oxygen and are converted into acids. The relations in compo- 
sition between the hydrocarbons, alcohols, aldehydes, and acids 
are shown in the subjoined table : — 



Hydrocarbons. 


Alcohols. 


Aldehydes. 


Acids. 


CHi 


CH4O 


CH2O 


CHA 


^2^e 


CjHeO 


C2H4O 


C2W4O2 


etc. 


etc. 


etc. 


etc. 



The two acids whose formulas are here given are the well- 
known substances, formic and acetic acids, 

I 

Formic acid, CH2O2 This acid occurs in nature in red 

ants, in stinging nettles, in the shoots of some of the varieties 
of pine, and elsewhere. 

It can be prepared by distilling red ants, but is best prepared 
by heating oxalic acid with glycerin. Oxalic acid has the 



FORMIC ACID. 

JOmpoeition represented by the foraiiila C',II/)i. Wlicn bcated 
a glycerin, the effect is to breuk iL up into carboa dioxide aiid 
I fonnic acid : — 

C,HjO. = COj + CHA- 

I The fonnic acid distile over, and can be condensed. 



Experiment 16. Into a flask of SOO to GOO'' cHpncity put 200 to 
aiihyclrona glycerin, and llien a<Ul 30 to 40« cryatallizetl osallc 
Connect the flask nitli a condenser, and insert ii thermombtei' 
igli the cork so that the l>alb Is below the surface of the glycerin. 

A gently. When the temperntore reaches "5° to 90°, carbon dloxlilo 
WfU be gliren ofH When the CTOlntlon of carbon dioxide stops, add 
another portion of crystalUi'.ed oxalic acid, and heat again. This opera- 
HoD may be repeated a number of times writhont renewing the glycerin ; 
bat, when at>out lOOE of oiiallc add have been decomposed, enong-h 
fonnic acid for the purpose will have been formed, and collected in 
the receiver. Dilate tlic distillatu to about half a. litre, and, wbiie 
gently warming it in an evaporating dish, add freshly precipitated and 
washed copper oxide In small quantities until no more is dissolved. 
Then Alter, and evaporate the solution to crystallization. The beautl- 
fnlly crystallized salt thus obtained Is copper formate. 

The formation of formic acid by oxidation of methyl alcohol, 
and by treatment of cliloral with an alknli, has already Ireen " 
mentioned. The following mellioda iiru of spccinl interest : — 

(1) By the action of carbon monoxide upoi.' [wtassium by- 
I droxide : — 

CO + KOH = H.CO,K. 

This metliod can be used for the preparation of formic acid on 
the large scale. Sodit-liine acts as well as [>otassiuin liydroxidc. 

(2) By the a<;tion of metallic potassium upon moist carhon 
iHoxide (carbonic acid) : — 

HP = HCOjK + UCO3K, 
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(3) By treatment of a solution of ammonium carbonate with 
sodium amalgam : — 

C03(NH4)2 + 2 H = HCOaCNHO + H/) + NH3, 
and HCOaCNH^) -f NaOH = HCOgNa + NHs + HjO. 

According to these last two methods formic acid appears as a 
reduction product of carbonic acid formed by the abstraction of 
one atom of oxygen : — 

H2CO3 = H2CO2 + O. 

It is oxtremel}' important to bear this fact in mind, as it is of 
great assistance in enabling ns to understand the relation exist- 
ing between the two acids, and between them and all other adds 
of carbon. It will be shown that all the acids of carbon may 
be regarded as derivatives of either formic acid or carbonic 






acid. 

(4) When hydrocyanic acid is left in the presence of an acid 
or an alkali, it breaks up, forming ammonia and formic acid. 
The reaction may be represented thus : — 

HCN + 2 H2O = H2CO2 + NH3. 

Of course, if an acid is present, the ammonium salt of the acid is 
formed ; and, if an alkali is present, the formate of this alkali is 
formed. A reaction similar to this is used vei^ extensively in the 
preparation of the acids of carbon^ as will be shown. 

Anh^'drous formic acid can be made by dehydrating either 
the copper or lead salt, and passing dry hydrogen sulphide over 
the salt placed in a heated tube. The acid distils over, and can 
be obtained perfectly pure by placing a little of the anhydrous 
salt in it and redistilling. 

It is a colorless liquid which boils at 99°. It has a pene- 
trating odor. Dropped on the skin, it causes extreme pain and 
produces blisters. Its specific gravity at 0° is 1.22. When 
cooled down it solidifies to a mass of crystals which melt at 8.6". 



>nC6ntral«d sulphnrie acid cleeomjjosea it iuto carbon mon- 
Ide and water : — 

H^COj = CO + H3O. 

easily oxidized to carbonic acid. IIciicc it acts as a 
cing agent. Heated with the oxides of mercury or silves', 
e redlicetl to tie metallic condition : — 

HgO + HjCOs = Hg + HoO + CO3. 

I other acids, formic acid yields a large number of salts witb 

B, and ethereal salts or compound etiiers witii the alcohols, 
B derivatives need not be considered here. The salts are 

laluble in water, and some of Ibem, an the lead, copper, and 
t Balta, crystalliKe very well. Some of the compound 
wiE be mentioned when these substaucen ii.-c considered 

a. claae. 



I Acetic acid, C,H,Oj The two metlio-lH I>y which acetic 

acid is exclusively made are, - — 

(1) By the oxidation of alcohol ; and 

(2) By ttie diatUIatiou of wood. 

When pare alcohol is exposed to the air it undei^oes no 
k change. If, however, some platinum black ia placed in it, 
oxtdntion takes place and acetic acid is formed. Ho also if 
fermented liquors which contain nitrogenous substances are 
exposed to tlie air, oxidation takes ])Iace, and tiie liquor becomes 
BOUT in consequence of the formation of acetic acid. A great 
deal of acetic acid is made by esxmsing poor wine to the action 
of the air. The product ia known aa mne vineffur. The for- 
tmttion of vinegar has been sliown to be due to the presence of 
II microscopic organism (Mycoderma aceti) commonly known aa 
"tDother-of-viuegai'." This serves in some way to convoy the 
oxygen from the !ur to the alcohol. The " quick- vinegar 
s," much used in the manufacture of vinegar, consists in 
ig weak spirits of wine to paas slowly tliroug\i \>a.n 
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filled with beecli sliavings which have become covered with 
Mt/codej-ma aceti. The presence of the organism is secm^ bj 
first pouring strong vinegar into the barrels, and allowing it to 
stand for one or two days in contact with the shavings. 

When wood is distilled, a very complex mixture passes over, 
one of the constituents being acetic acid. By keeping the tem- 
perature down comparatively low, the amount of acetic acid 
obtained is increased. The distillate is neutralized with soda 
ash, and the solution of crude sodium acetate thus obtained 
evaporated to dryness. It is then treated with sulphuric acid, 
and distilled, when acetic acid passes over. 

Besides the two methods mentioned, there are two others 
which may be used for making acetic acid. One of them is a 
modification of a method referred to under formic acid, and, 
from the scientific point of view, both are of great interest. 
They are, — 

(1) By treating carbon dioxide with a compound known 
as sodium-methyl^ which may be regarded as mai'sh gas, in 
which one hydrogen is replaced by sodium as shown in the 
formula CHgNa. 

CO2 + CHgNa =^ CHg.COgNa. 

(2) By treating methyl cyanide, CHgCN, with nn acid or an 

alkali : — 

CHgCN + 2 ILO =- CH3.CO2H + NHg. 

This reaction is analogous to that involved in the formation 
of formic acid from hydrocyanic acid (see p. 56). 

Whether the acid is made from alcohol or from wood, it must 
be purified. For this purpose it is passed through charcoal and 
distilled. It still contains water, from which it cannot be 
completely separated by distillation. When cooled down to a 
suflRciently low temperature it solidifies, and the water can 
then partly be poured off. By repeating the freezing, and 
distilling a few times, perfectly pure, anhydi'ous acetic acid 
can be obtained. 



Experiment 17. Make pure acetic ncld from tlio commercial siib- 
stauce. First <!ietU in fractions until a portlou Is obtaiued that boils 
between IW aud 119°. -pnt the vessel containing this in ice. The 
Ihiuld will solidify ulraost completely. Poor off the llttie liquid wiiich 
tcniains, and distil. 



Acetic acid is a clear, colorleBs liquid, which iwils at 119°. 
It has a very penetrating, pleaaant, acid odor, and a sharp acid 
taste. The pure sub»tance acts vimn the skin like formic acid, 
causing jxtin and mtsing Uislers. It solidifies wlien couled down, 
aud tlie (riyatals melt at 16.7°. The pui'e acid which is solid at 
temperatures below 16''iakDowaas glacial ctcetic acid. Its speci- 
fic gravity 19 1.08 at 0°. It mixes with water in all proportious. 
Acetic acid is extensively used, chiefly in the dilute, impure 
torra known as vinegar. Foitnie acid wonld answer perhaps as 
well. It is used in calico printing in the fonn of iron and alu- 
mininm i^alts. With iron it gives hydrogen, which is needed in 
the iiiannfactiire of certain eoni[jound9 lined in making dyes, as, 
for esaraple, aniline. It in un excellent solvent (or many 
organic snlmtances, and ib therefore freijuently iiseil m sci- 
entific researches. 

Derivaiwes of aceHc add. Acetic acid yields a very large 
number of derivfttivea. They may be considered briefly under 
two heads ; (1) Those which are formed in consequence of the 
acid properties and which necessitate a loss of tlie acid proper- 
Ues, as the salts, etiiereal salts, etc. ; and (2) tliose in wliicii 
Q acid properties remain unchanged. 

s of acetic acid. The acetates of the alkalies were the 
wmpounds of carbon ever prepared. The potassium aud 
1 salts are used in the chemical laboratory. Both eryatal- 
ttie aodiiim salt particularly well and easily. 

I acetate, {CoHaOj),l'b. This salt, which is commonly 
H as sugar of lead, is made on the large scale by diasolv- 
nde in acetic acid. It crystallizes well, and is solu- 
ble in 1 .5 parts of water at oi-dinary temperatures. Comuier- 
l^mL^u^ai oL lead frcqueotly eoutaiua au csceaa q£ kad cnuti3>& iu 
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the form of basic salts. A solution of such a mixture becomes 
turbid when allowed to stand in the air, or gives a precipitate 
when dissolved in ordinary spring water, in consequence of the 
formation of lead carbonate. 

Copper acetate^ (C2H302)2Cu. This salt can be made by 
dissolving copper hydroxide or carbonate in acetic acid. It 
crystallizes in dark-blue, transparent prisms. A heme acetate^ 
formed by the action of acetic acid on copper in the air, is 
known as verdigns. 

Copper aceto-ar senile^ 3 CUAS2O4 + (C2H302)2Cu. This double 
salt is formed by boiling verdigris and arsenic trioxide together 
in water. It has a fine bright-green color, and is used as a 
coloring matter. It is the chief constituent of emerald green, 
or Schweinfurt's green. 

Iron forms two distinct salts with acetic acid, the ferrous 
salt, (C2H302)2Fe +4H2O, and the /emc salt, {C^jd^^^^- 
The latter is formed when sodium acetate is added to an acidi- 
fied solution of a ferric salt. At first the solution becomes 
deep-red in color ; but, on boiling, all the iron is precipitated 
as hydroxide. Hence this salt is used for the purpose of sepa- 
rating iron from manganese in analytical operations. 

Experiment 18. To a dilute solution of ferric chloride, contained 
in a small Hask, add a little sulphuric acid and a solution of sodium 
acetate. Boil the red solution, and ferric hydroxide is precipitatedr 
leaving the solution colorless. Filter, and examine the filtrate for iron. 

The ethereal salts will be mentioned brieflv when this class 
of compounds is considered. The principal one is ethyl acetate 
or acetic ether^ which is formed from acetic acid and ordinary 
alcohol. When a mixture of these two substances is treated 
with sulphuric acid, the ether is formed and can be recognized 
by its pleasant odor. This fact is taken advantage of for the 
detection of acetic acid. 

Experiment 19. To a mixture of about equal parts of acetic acid 
and alcohol, in a test-tube, add a little concentrated sulphuric acid, and 
notice the odor. It is that of ethyl acetate o/ acetic ether. 



ACETTL CHLOEIDE, KTC. 

Acetic anhydride or acetyl oxide, C,H„0,,. — This sub- 
stain;c, wbith bears Ui nui'tic ncid tlie relation or an iinhvdride, 
is made by abstracting water from tUe aciil. 

2 CsH,Os = C.IIoOj + H,0. 
Like other acids, acetic add contains liydroxyl, as will he 1 
shown below. We maj hence represent the aeid thus ; 
aHjO.OH. The part CsHbO is known aa acetyl. Now when 1 
water is abstracted from the acid, the change takes place ; 
resented in this eqnation ; — 

c,H.o.on}"o,H,o(°+ - ■ 

Hence, according to this, acetic anhydride apjiears as the 
of acetyl, while the acid itself is the hydroxide. 

Acetic anliydride ie a colorless liq(n{l which liuils at 
With water it gives acetic aciJ. 

Acetyl chloride, C;H:,OCl, -j Just as alcohol, when | 
Acetyl bromide, C^HiOBr. [ treated with phosphorus tri- 
Acetyl iodide, C,HjOI, J chloride, yields a, chloride of 
ethyl, so acetic acid, when treated with the same reagent, yields 
acetyl chloride. The character of the reaction is the same in 
both cases. It consists in the replacement of hydroxyl by 
chlorine. 

SConaO.OH + PCI3 = 3C.H„0C1 + P(01I)3. 



Experlinent 20. Arrange a dry distil g fl L n h d use and 

'Iiy r^ctiver, under a hood or out of do B g h 3 par s 

<say leoe) strung acetic ncid and 6 part say OB ph ph tr 

cliloridc, Sliglitly heat Uic mixture on h wat« ba h w u y 
chloridi! will distil over. Collect in a dry bott 

Aeetj'l chloride is a colorless lijiiid which khIb at j 
Water acts npon it very readilj', acetic and hydrochloric acida 
being formed : — 
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In this case the chlorine is replaced by hydroxyl. As the sub- 
stance is volatile, it fumes in contact with the air in consequence 
of the formation of hydrochloric acid. It must be kept in 
tightly-stoppered bottles. In handling it, care must be taken 
not to bring it near the nose, as its odor is very suffocating, and 
it attacks the mucous membranes of the eyes and nose, produc- 
ing coughing and other bad results. 

Acetyl chloride is a valuable reagent much used in the exam- 
ination of compounds of carbon. Its value depends upon its 
action towards alcohols. When it is brought together with an 
alcohol, as, for example, methyl alcohol, hydrochloric acid is 
evolved, and the acetyl group takes the place of the hydrogen 
of the alcoholic hydroxyl : — 

CH3.OH -f C2H3OCI = CH3.O.C2H3O + HCl. 

The product is an ethereal salt, methyl acetate. This kind of 
action takes place whenever an alcohol is treated with acetyl 
chloride. Hence if, on treating a substance with acetyl chloride, 
its composition is changed, showing that hydrogen is replaced by 
acetyl, we are justified in concluding that the substance contains 
alcoholic hydroxyl. The bromide and iodide resemble the 
chloride very closely. 

KxperimeDt 21. Treat a few cubic centimetres of absolute alcohol 
with acetyl chloride. Notice the evolution of hydrochloric acid and 
the odor of ethyl acetate. 

Substitution-products of acetic acid. These bear the same 
relation to acetic acid that the substitution-products of mai*sh 
gas bear to marsh gas. They are formed by the simple sub- 
stitution of a halogen, etc., for hydrogen. Only three of the 
four hydrogen atoms of acetic acid are capable of direct 
replacement. The fourth is the one to which the acid prop- 
erties are due. Hence the substitution-products are acid. The 
best known of these products are the chlor-acetic acids which 
are made by treating the acid with chlorine. They are 



BETWEEN COMPOUNDS OF CAEBON. 



vimto-ddor-ao^M, dt-ddor- acetic, and lri~cMor- acetic, cmida. 
Tlieir formation is represented by the following equations : — 

CjHaO.OH + Clj = CjHjCIO.OH + HCl ; 
CalliClO.OII + CI, = CaHCl!O.OH -f- HCl; 

cjicijO.on + cia = c.ci,o.oH + hci. 

When treated with nascent hydrogen ttiey are converted 
hack into acetic acid. They yield salts, etiioreal salts, anliy- 
itrides, etc., just the same as acetic acid iteeU. 

Theory m regard to the relations bettoeen the acids, alcojiols, , 
rddehyfles, awl hydrocarbons. The reactions and methods of 1 
formation of acetic acid enable oh to form a clear conee[itiou in 
n^ard to the relation of its constituents. In the lirst place 
the presence of hydroxy! is shown by the reaction with phos- 
phorus trichloride. We hence have C,HjO.OH as the formula 
repi-eaenting this idea. But several questiona still remain to be 
nnewered. There is another oxygen atom to be accounted for ; > 
and the relations between the hydroxyl and this oxygen must ' 
be determined if possible. The fact that this second oxygen 
is not readily replaced by chlorine indicates that it is not 
present as hydroxyl, and all methods of testing for hydroxyl 
(ail to show its presence in acetyl chloride. Hence we may 
conclude that tlio second oxygen atom is present as carlionyl 


CO. This leads us to the formula n - C - O — H for the simplest 
or formic acid. Accoi-dingly, formic acid appears as 

^bomc acid, which we commonly represent by the fonnula 
n which one hydroxyl has been reduced to hydrogen. 






on 



We have already seen that this reduction can he accomplished 
without difficulty. Many other arguments might he brought' 
forward in favor of the view that the above formulas express 
the rehitions l«tween formic aud carbonic acids. Now, i 
acetic acid is the homolt^ue of formic acid, we have every 
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reason to believe that it differs from the latter in that it eon- 
tains methyl in place of the hydrogen, which is in direct com- 
bination with carbon. It must hence be represented by the 
O 

II . prr 

formula CHg.C-OH or CO ( ^ The common constituent of 

^OH 

O 

II 
the two acids, is the group C — O — n or — CO.OH, which is gener- 
ally known as carhoxyl. Acetic acid is closely related not only 
to formic but to carbonic acid. It may be regarded as carbonic 

acid, CO ( t in which one hydroxy 1 is replaced by the radical 

methyl. In a similar way we shall see that all organic acids 
may be regarded as derived either from formic acid or from 
carbonic acid. 

Representing now the simplest hydrocarbon, alcohol, alde- 
hyde, and acid, by the structural formulas deduced from the 
facts, we have 



C 
H 

H 



H rOH 

H ^ H 



H 
H 





Marsh gas. Methyl alcohol. aldehyde. ' ^O""**^ ^^'^• 

Concerning the mechanism of the changes caused by oxida- 
tion, but little can be determined bj' experiment. We may 
regard methyl alcohol as the first and simplest product of 
oxidation of marsh gas. Starting with methyl alcohol, we 
might expect the next change to consist in the introduction 

on 



of another oxygen atom, giving a body C^ 



^^. But it ap- 
H * 



H 

pears to be a law that, except under certain peculiar conditions, 
one carbon atom cannot hold two hydroxyls in combination, 



. flial, if siitli a liotly is formed, it Jcjscs tbe oleineute of I 
= C< H+H,0. Tlie result would be the ] 

lir ] 

ihjde. Tills kind of change is illiistrat^d in tho. formation ] 
^carbon dioxide from the suits of carbonic aciil. Instead <. 

' ., wiiich we should naturally expect, W6 ] 

w, when, the aldehyde is oxidized, another oxygen atom ia I 
introduced, and the substiinee thus produecd ia an aoid, i 
hydi-Dxyl hydrageii can be replaced by metals, and has in general ' 
the characteristicB of acid liydrogen. As soon as we have car- 
lx>n in eombination with oxygen as carbouyl, and also with' 

fi'""'-oxyl, the eubstance containing the combination ia an aoid. 
! change tnkes place as when the alcohol is oxidized. That 
say, the hydrogen ie probably replaced by hydroxyl, when 
A compound containing two hydroxyls in combination with one 
carbon atom would be the result. This would be ordinary car- 
■■pnic a«id. iiiit this breaks up into water and carbon dioxide, 
^^^nich, as we know, are the products of oxidation of formie 



, finally, the acid C ? OH is oxidized, it is probable thiit the 



All the many representatives of the groat classes of carbon 

compounds known ns the alcohole, aldehydes, and acids are 

closely related to the three fundamental eiibstauuea, methyl 

gohol, formic aldehyde, and formic acid. Replace one of 

I bydrogen atoms of methyl alcohol by a radical, and we get a 

r alcohol, which may be represented by the formula C j jj • 

I R 
I t^l^g a similar replacement of a hydrogen atom in formic 
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, cj h; and, 



aldehyde gives another aldehyde, C -j H ; and, finally, as we have 

Ir 

seen, the acids of carbon may be represented by the formulas 

/O 

C \ OH, or R.CO.OII, or CO < ^ , which show their relations to 
^R oh' 

formic and carbonic acids. Hereafter, in writing the formulas 
of members of the three great classes, the structure will be repre- 
sented by writing the hydroxy 1 group OH, the aldehyde group 
CHO, and the carl)oxyl group CO. OH or COjH, separately 
from the rest of the formula. 



5. Ethereal Salts or Compound Ethers. 

Whenever an acid acts upon an alcohol, the acid is neutralized 
either wholly or partly, and a product analogous to the salts is 
formed. Thus nitric acid and ethyl alcohol give ethyl nitrate : — 

C2H5.OH + HNO3 = C2H5.NO3 -f H2O, 

just as nitric acid and potassium hydroxide give potassium 
nitrate. It has been pointed out that the radicals, methyl, CH,, 
and ethyl, C2H5, take the part of metals in the ethereal salts. 
We can thus get a series of metliyl and ethyl salts with the 
various acids. 

As regards the preparation of these compounds, it should be 
remarked that the action between an alcohol and an acid does 
not take place as readily as that between an acid and a metallic 
hydroxide. Only a few of the strongest acids act directly 
without aid. Such, for example, are nitric and sulphuric acids, 
though even the latter is not completely neutralized by action 

upon alcohols, as has already been seen in the preparation of 

C H- 
ethyl-sulphuric acid, '^ J^ > SO^, for the purpose of making ether. 

Plainly ethyl-sulphuric acid is an acid ethereal salt, analogous 
to acid potassium sulphate. Both are still acid, though both 
are likewise salts. 




ETHEREAL SAM 



The metliods which mEiy bo used for preparing etliereal Halts 
tre the foUowing : — 

(1) Treatment of an acid witli un aleohol. This is capable 
of only very limited application, aa in the case of a few of the 
strongest acids. 

(2) Treatment of the chloride of an acid witii alcohol. This ] 
has been ilhiBtrateci by the action of acetyl chloride, CaHjO.Cl, 
niiou methyl alcohol (bco p. 62) :- — 

CjHjOci -f H0.CH3 = CjHjO.ocH, + nci, 

or Cnj.COCl + nO.CHa = Clla.COOCII,! + HCL 

(3) Treatment of the silver salt of an acid with a lialogeu ] 
sabatitution-product of a hydrocarbon. For example, ethyl 
iicetat* can be oia^le by treating silver aectjite with broi 
ctlmne : — 

Cn;,.CO0Ag + C,n,Br = CHaCOOC,!!; + AgBr. 

This I'caction ia well adapted to showing the relation between J 
the salt and the ethereal salt, and leaves no room for doubt that | 
the two are strictly analogous. 

(4) Treatment of a mixture of an alcohol and an acid with 1 
dry hydroebloric acid gas or strong sulphuric acid. The forma- 
tion of ethyl acetate by this motiod was Ulustrated in Experi- 
jnent 10, p. 60. The sulphuric acid facilitates the action ty i 
uniting with the alcohol to form ethyl-sulphuric acid, which with 
the acid gives the ethereal salt : - 



II 



>S04 + CH3.COOH = CHs.COOCjHb + HaSO.. 



The action of the hydrochloric acid is not understood. I 
possible that it acts upon the acid forming the chloride, and 
that this then acta upon the alcohol, forming the ethereal 
ealt : — 

CII,.COOH + HCI = CH3.COCI + HaO; 

CHaXOCl + C|H,OH = CH|.COOC^j -V aCV 



68 DERIVATIVES OF METHANE AND ETHANE. 

Among the more important ethereal salts of methyl and ethyl 
alcohols, the following may be mentioned : — 

Methyl-sulphuric acid, W^>S04, foiined by mixing 

methyl alcohol and sulphuric acid. The acid itself, as well as 
its salts, is very easily soluble in water. 

Ethyl nitrate, C2H5NO3, formed by treating alcohol with 
nitric acid. Unless precautions are taken in mixing these 
reagents, complete decomposition of the alcohol will take place, 
and the action will be accompanied by a violent explosion. 

Bthyl-sulphuric acid, ^=^ > SO4. Made in the same way 

as the methyl compound. The acid and its salts are easily sol- 
uble in water. When boiled with water it is decomposed, 
yielding alcohol and sulphuric acid : — 

^'^' > SO4 + H2O = H28O4 + C2H5OH. 

Ethyl sulphate, (C2H5)2S04, is made by passing the vapor 
of sulphur trioxide into well-cooled ether: — 

(C2H5)20 + SO3 = (C,H5)2S04. 

Phosphoric acid yields ethyl phosphate^ (C2H5)3P04, di-ethyl-phos- 
2>horiG ocicZ, (C2H5)2HP04, and ethyl-phosphoric acid^ C2H5H2PO4. 

There also are similar derivatives of arsenic, boric, silicic, and 
other mineral acids. 

Of the ethereal salts which the two alcohols form with formic 
and acetic acids, methyl and ethyl acetates are the best known. 
The methods of preparing them have already been considered. 
They are both liquids having pleasant odors. This is indeed a 
characteristic of many of the volatile ethereal salts of the acids 
of carbon, and many of the odors of fruits and flowers are due 
to the presence of one or another of these compounds. Mauy 



''I'' 
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SAPONIFICATION, 



tiieni also ai¥ used for fluvoriiig iidrjxirHis iiistcud of the 
nabiral substances. 

EKperlment 22. Make a mixture of 15 pnrtH (160«) of ordluary | 
MDCentratcd salpliurlc ficid and 6 parts (liOa) absolate alcobol. Add , 
U) it 10 parts (lOOE) Bodlum acetate. Distil from a flaak. K«distiL 
liie distillate. The ethyl acetate tliua furmed boils at 77^. What 
reactions, take place In tliis case? 

Deccmtposition of ethereal salts. Salts of most metals are 
decomposed when treated with au alkaline jiydroside, aa uaustio J 
aoda or caustic potash, the reeiilt being a salt uf the alkali and J 
tlie hydroxide of the replaced metal, aa seen in the case o( 
{Njpper sulphate and sodium hydroxide : — 1 

CnSOj + 2NaOH = Cu(On)s + NajSO^. 
So also the ethereal salts are decomposed when treated with the 
alknlieB, though, as a rule, not as readily as salts. It is usually 
Decessary to boil the ethereal salt with the alkali when deoom- 
positjon tabes place, the radieal, like the metal, appearing in 
the foim of the hydroxide or alcohol, and the alkali metal taking 
its place. Thus, when elliyl sulphate is treated with a solution ' 
of oaUBtic [jotash, this reaction takes place : — 

{CJis)SOt + 2 KOH = K^O, + Z CsIIfOH ; 
and when ethyl acetate is treated with caustic soda, we have this 
reaction : — 

Cn,.COOC,Hs + NaOir = CHa.COONa ■+- CnHjOH. 

KzperlmenC 23. In a SOO"' Qask put 300'° water, 60" solid | 
cautttic potnsli, and 20™ ethyl acetate. Connect with an iaverted coo- 
ilenscr, niTaiiged as shown In Fig, 8. Boil gently for half an hour. 
Now connect the condenserwith the flask for distllllug, and agaiabolL | 
Examine the distillate for alcohol. Acidify the coatents at the flask 
with sulphuric acid, and again distil, Wiiat passes over? ' 

All ethereal salts are decomposed by boiling with the caustic 
alkalies. As this decomposition is best known on the large scale 
in the preparation of soaps, it is coimuoiily ciiUf^d .lajKinification. 
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As will be aliown, the fate are ethereal salte, aiitl soup-nmlriik 
consists in decotnpoeing thetu; fats by meaus of the nlkBliet 
HeDce, generally: l^ saponify an ethereal s:ilt ineaus tn decoB 
pose it by meaoB of an alkali iuto the corresponding alooholan 
the alkali salt of the acid contained iu it. It 



fi Ketones or Acetones, 
When an t. te is distilled, a liquid paeaeB over wl 
Ihe omp t C HjO, and a carbonate remaina behin 
react a 1 a b n arefiiUy studied, and has been show) 
plftc n a d u with the following equation ; — 

g5;g^>c. = cAo + c.co.. 

The substance CJ-IbO is known as aalone. It is 
known representative of a class of bodies which are sc 
called acetones, but more commonly ketonen. 

Acetone, CjHsO — This substance has long been k 
a product of the distillation of acetates, as above state 
contained iu large quantities in the product obtj 




ACETONE. 



lillation of wowVi "H'I can he separated from tlie, mixture 

r the removal of the atietic aeid. 
It can be piiriiied by shaking a mixture containing it with a 
concentrated solution of mono-sodium sulphite. K unites with 
the 8a.lt, forming a compound analogous to tliat formed witlj 
aldehvde. The double compound can be separated., aud whet 
distilled with the addition of potiissium curbonikte acetone passes 
over. 

I Acetone is a colorless liquid having a penetrating pleasant 

ethereal odor. It boils at 56.3°. It is a good solvent for many 
carbon compounds, such as resins, fats, etc. 

On studying the conduct of acetone, it soon becomes evident 
that it moi-e closely resembles the aldehydes than any other 

' bodies thus fur considered. It is plainly not an .acid nor an 
alcohol. It acts entirely difl'erently from either. It is not an 
ethereal salt, for on boiling with an alkali it does not yield un 
alcohol nor the salt of an aeid. On the other hand, it unites 
with the acid 8ul])hites like the aldehydes. Further, when 
treated with phosphorus pentachloride its oxygen is replaced by 
two chlorine atoms thus : — 

CaHsO + PC1» = GsHeCla + POCI3; 

and when treated with nascent hydrogen, it is converted into a 
Bnhelance having alcoholic properties. These facts lead us to 
the conclusion that the substance contains carbonyl, CO, as the 
aldehydes do, and we thus have the formula, CjHaCO. The 
formation from calcium acetate leads further to the beUef that 
the group CjHj really consists of two methyls, as the simplest 
P interpretation of the reaction is represented thus : — 

^^Bccording to this, acetone is a compound of two methyl groups 
and carbonyl, or it is carbon monoxide whose two available 
afflnilies have been satisfied by two methyl groups 



CH3COO 
CH3COO 



>Ca 



CH, 



>C0 + CaCOa. 
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Wc can test the correctness of this view by means of synthe- 
ses. If it is correct, it will be seen that acetone is closely 
related to acetyl chloride. It is acetyl chloride in which the 
chlorine has been replaced b}' methyl : — 

CHg .CO.Cl CH3 .CO.CH3. 

Acetyl chloride. Acetone. 

Now, when acetyl chloride is treated with zinc methyl, Zn(CH3)2, 
it yields acetone according to this equation : — 

2 CH3.COCI + Zn(CH3)2 = 2 CH3.CO.CH8 + ZnCl^. 

Further, acetone can be made by treating carbon monoxide 
with sodium methyl, a direct addition of two methyl groups to 
carbon monoxide being thus effected. The relation between 
acetone anc' ordinary acetic aldehyde is like that of an ethereal 
salt to its acid ; that is, acetone is aldehyde, CH^.COH, in 
which the h3'drogen has been replaced by methyl, CH3.CO.CH8. 

Like the aldehydes, the acetone has the power of taking up 
other substances, such as the acid sulphites, ammonia, hydro- 
cyanic acid, hydrogen, etc. This power is in some way con- 
nected with the relation of the oxygen to the carbon, which is 
the same in both compounds. Nevertheless, this condition of 
the oxygen does not always carry with it the same power as 
seen in the case of the acids which also contain carbonyl. 

By reduction with nascent hydrogen, acetone yields an alco- 
hol of the formula CgHgO, known as secondary propyl cUcolwl^ 
which when oxidized vields acetone. In other words, the rela- 
tion between this alcohol and acetone is much the same as that 
between ethyl alcohol and acetic aldehyde. But while the alde- 
hyde by further oxidation yields acetic acid by simply taking 
up one atom of oxygen, acetone is decomposed by oxidizing 
agents, and yields acetic and carbonic acids. Towards oxidiz- 
ing agents, then, acetones (for it will be shown that other 
acetones conduct themselves in the same way) act entirely 
differently from the aldehydes. The alcohol above mentioned 
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as related to acetone is the simplest representative of a class of 
alcohols differing in some respects from the substances com- 
monly called alcohols. 



We have thus considered the most important representatives 
of six classes of oxygen derivatives of the hjdrociirbons, and, 
by a study of their chemical conduct and the methods available 
for their preparation, have formed views in regard to the rela- 
tions between them. In our ordinary language we may express 
these relations briefly thus : The alcohols are the hydroxyl 
derivatives of the hydrocarbons or the hydroxides of certain 
groups called racUccds; the ethers are the oxides of these same 
radicals ; the aldehydes ai'e compounds consisting of carbonyl, 
hydrogen, and a radical ; the acids are compounds of carbonyl, 
hydroxyl, and a radical, or, better, they are carbonic acid in 
which hydrogen and oxygen, or hydroxyl, have been replaced 
by a radical ; the ethereal salts are compounds like ordinary 
metallic salts, only they contain a radical in the place of the 
metal; and, finally, the ketones are aldehydes in which the 
distinctively aldehyde hydrogen has been replaced by a radical, 
or they are compounds consisting of carbonyl and two radicals. 

These ideas are expressed in formulas thus, R being any 
univalent radical like methyl, CH3, or ethyl, C2H5: — 

Alcohol .... R-O-H. 
Ether R-O-R. 

Aldehyde. . . . R-C-H. 

I! 

o 

Acid li_C-0-H. 

II 

O 
Ethereal salt . . Ac— O — R (Ac — () — II representing any 

monolMisic acid). 

Ketone .... R— C— R. 

II 

O 



CHAPTER V. 

SULPHUR DERIVATIVES OP METHANE AND 

ETHANE. 

4. Mercaptans. 

The simplest derivatives of methane and ethane containing 
sulphur are the so-called mercaptans or sulphur cUcoJiols. They 
can be made by a method similar to one described under the 
head of Alcohols. When a mono-halogen derivative of a hydro- 
carbon, as brom-methane, CIIgBr, is treated with the hydroxide 
of a metal, as silver hydroxide, AgOH, an alcohol is formed : — 

CHgBr + AgOH = CH3OH -f AgBr. 

So, also, when a similar halogen derivative is treated with a 
hydrosulpJiide instead of a hydroxide^ a compound is obtained 
which we may regard as an alcohol in which the oxygen has 
been replaced by sulphur : — 

CHgBr + KSH = CHgSH -f KBr. 

The compound is called a mercaptan. 

Bthyl-mercaptan, O2H5 . SH. — This substance can be pre- 
pared by treating iodo-ethane, C0H5I, with an alcoholic solu- 
tion of potassium liydrosulphido, KSH ; also by distilling a 
mixture of the concentrated solutions of potassium ethylsul- 
phate and potassium hydrosulphide : — 

C2H5 ^ gQ^ _^ J^gJJ ^ J^ gQ^ _^ C2H5SH. 

K. 

It is a liquid of an extremely disagreeable odor; it boils at 37° ,* 
and is diflScultly soluble in water. 
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The name "mercaptao" was given to it on account of ita 
action towiirds mercury. It readilj* forma a compound in wliicli 
mercury takes tlie place of ■hyilrogeti, {CiHsS)aHg; and tlie 
name haa reference to this power (mercurutx and caplans). 
forms many otiier well-characterized metallic derivatiyea like 
titis mercury com[jorfnd. 

When the sodium eomiioimd of mcrcaptnii is exposed to the 
air, it takes np oxygen. So, also, when mercaptan itself i 
treated with nitric acid, it is oxidized, the product having the 
formula CiHj.SOjH. It will thus Tie seen that, tiiough in 
position mercaptaii is analogous to alcohol, towards oxidizing 
agents it coudiicte itself quite differently. In the case of alco- J 
hoi two atoms of hydrogen are replaced bj oue of oxygen. 
the case of mercaptan three atoms of oxygen are added directly 
to the molecule. It will be sbowu that this new acid, which ii 
called elhyl-sy^hoiiio acid, lieare to sulphuric acid a relation 
similar to that wliich acetic acid beara to carbonic acid ; 
that it Iwars to sulphurous acid a relation similar to that which 

?etic acid beais to formic acid. 
' "When treated with plioaphorus pentachlorido it yields a chio- ■■ 
ide, CgHg-SO]Cl ; and, when tills is treated with naacent hydro- 

a (zinc and hydrochloric acid) , it is reduced to mercaptan ; — 

Ca^i-SOjCl + 611 = CbI^.SH + HCl + 2 HjO. 



2, Sulphur E'rHBKS, 

"here are compounds known similar to the ethers, containing 
^hur in the phice of the oxygen of tbe etliers. Sach i 
thyl-Bulphide, (CH3)iS, andethyl-aulphide, (CaHi)i,S. These 
i made by treating brom- or iodo-methane or ethane with 
potassinm sulphide : — 



Kobey t 



2C^jI + KjS = (CA):iS + 2 Kl. 
e liquids of very disugi'eeablc odors. 



76 DERIVATIVES OF METHANE AND ETHANE. 

3. SuLPHONic Acids. 

It was stated above, that when mercaptan is oxidized it is 
converted into an acid of the formula C2H5 . SOsH, or ethylrsulr 
phonic acid. This is the representative of a large class of sub- 
stances which are commonly made by treating carbon compounds 
with sulphuric acid. These sulphonic acids can best be studied 
in connection with another series of hydrocarbons. Under the 
head of Benzene (which see) it will be shown that, when this 
hydrocarbon is treated with sulphuric acid, a reaction takes 
place which may be represented thus : — 

C,He.+ JJ^ > SO, = ^' > so, + H,0. 

Benzene. Benzene-sulphonic acid. 

• 

The sulphonic acid thus obtained can also be made by oxi- 
dizing the corresponding mercaptan or hydrosulphide, CeHg . SH. 
Accordingly, the sulphonic acid appears to be sulphuric acid in 
which a hydroxyl has been replaced by the radical CgHg. Rea- 
soning by analogy, which, fortunately, is supported by other 
arguments, we may conclude that ethyl-sulphonic acid formed 

from ethyl-mercaptan bears a similar relation to sulphuric acid, 

C H 

and corresponds to the formula Aq > SO2. So, also, methyl- 

sulphonic acid obtained by oxidation of methyl-mercaptan 

should be represented by the formula ^q > SO2 or CH,. SOgOH. 

Its relation to sulphuric acid is the same as thai of acetic acid to 
carbonic acid. 

Another method by which the sulphonic acids can be pre- 
pared consists in treating a sulphite with a halogen substitu- 
tion-product. Thus ethyl-sulphonic acid can be prepared from 
potassium sulphite and iodo-e thane : — 

C,H,T + J > SO3 = ^-^^ > SO, + KI, 
or C^HJ + j^^ > SO, = ^^^ > SO, + KI. 



AccorUiog to tLis rcactiou the sulpbonie Rcids would appear 
to be idenlica! with tlie ethereal aalta of sulphurous sieid, but 
they do uot coDdiict themselves like ethereal salts. The differ- 
eiice is particularly noticeable in eoniiet-tion with the stability, 
Die sulphonic acids as u class being much more stable than 
the etherenl salts aa a class. At present it would be some- 
what preinatiu-e to discuss fully the question aa to tlieir rela- 
tions. Whatever we may call tliem, they are closely related to 
snlphuRius acid, and are derived from it by replacemeut of 
hydrogen by a radical, just as acetic acid may be regarded as 
derived from formic acid by replacement of hydrogen by & 



radical. These relations 
formulas : — 

,0H 



Carbonic acid, CO < 



Formic acid, CO < 



Acetic acid, CO < 



Atiy carbonic 



luad. 



i"<S, 



Oil 



ai'e represented by the following 

SiilptiHrie acid, S0.,<*^*^. 

' OH 

SuluhurouM acid, SOm<^^ . 

' 'on 

Methyl-aulphonic acid, SO.<^'|J=. 
Any Bulphonic acid, ^^^a'^f^n' 

Tlie difference between a sulphonic acid and an ethereal salt of 
sulphuric acid should be specially noticed. Compare for this 
purpose ethyl-suliihnric acid, ' ' > SO,, an<l ethyl -sulphonic 
acid, ^!^>FiO,. Both are monobasic acids, and both contain 
othyl, hut there ia a difference of one atom of oxygen in their 
cam|)oaition. The reactions of the substances are such as to 
lend to the conclnaion that in ethyl- sulphonic acid the etliyl 
group is directly connected wilii tlie sulphur; and tliat in 
ethyl -sulphuric acid the connection ia established by means of 
oxygen. The strongest argument in favor of this view 
perhaps that which ia founded on the formation of the sulphoi 
nnids l^y. oxidation of the hydros ulphidea or mercaptanfl. 
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can hardly be doubted that in ethyl mercaptan the sulphur is in 
direct combination with the ethyl ; or, to go still farther, that 
it is in combination with carbon as represented in the formula 

H 
HgC — C — S — H. Now, by oxidation of mercaptan, three atoms 
H 

of oxygen are added, and the simplest view we can take of the 
reaction is that the sulphur is left undisturbed in its relations to 
ethyl, but that it has taken up the oxygen, as represented in the 
formula C2H5 — SO2. OH. As has been shown, the oxygen can 
be removed again by nascent hydrogen, and the result is mer- 
captan. The study of the sulphonic acids in their relations to 
sulphuric and sulphurous acids has been of considerable assist- 
ance in enabling chemists to form conceptions in regard to the 
relations of the constituents of the two latter. The view which 
is forced upon us by a consideration of the reactions described 
above is that sulphurous acid differs from sulphuric acid in 
containing a hydrogen atom in place of hydroxyl, as represented 

in the formulas SO, < ^^^ and SO, < ^^^ ; and, further, that in 

sulphurous acid one hydrogen is in combination with sulphur 
and the other with oxygen. 



CHAPTER VI. 



NITBOOBN DERIVATIVES OF METHANE AND 
ETHANE. 



TiiE simplest coin|jounda of carbon ooDtaining nitixigeu are J 

uyanogon and hydrocyanic acid. Strictly apeakiiig, neither can ] 

be regarded as a derivative of a hydrocai'bon, unless indeed we ] 
oouaider hytUvDcyanic acid as marsh gas, in whicli tliree liydro- 



geu fttdins liave been replaced l.iy one nitrogen ; C 



C j . Th.it, however, is a. mere mntt<?i' of wnnls. na there i 
iiotliing iu the conduct of either Bulwtanco, or In the niethods of 1 
fumiatioii (if hydrocyamc acid, that would lead na to suspect 
any relation between them. Though cyanogen and hydrocyanic 
acid are tiierefore not to tic considered as derivatives of the 
hydrocarbons, tliey form the starting-point for tlie preparation 
of so many important compounds that they and their simpler 
derivatives mnat receive some consideration at this stage. 

Cyanoeren, CCN)i All organic compounds that contain 

nitrogen give sodium cyanide when ignited with sodium. So, 
also, potassium cyanide is formed when charcoal containing 
nitrogen is heated with potassium carbonate. Cyanogen itself 
ia moat readily made hy heating mercuric cyanide, Hg(CN)a. 
The decomposiljon that takes place is, in the main, like the 
simple decomposition of mercuric oxide in preparing oxygen : — 



Hg(CN), = Hg + (CN),; 
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But, in heating mercuric cyanide, a black solid substance, jxiro- 
cyanogen, is formed, and remains behind in the retort. It has 
the same composition as cyanogen, and is therefore a polymeric 
modification. 

Cyanogen (from kwo?, blue) owes its name to the fact that 
several of its compounds have a blue color. It is a colorless 
ii^as, which is easily soluble in water and alcoliol, and is ex- 
treynely poisonous. It burns with a purple-colored flame. 

In aqueous solution, cyanogen soon undergoes change, and a 
brown amorphous lx)dy is deposited. In the solution are found 
hydrocyanic acid, oxalic acid, ammonia, and carbon dioxide. 
A little dilute acid prevents this decomposition. 

Hydrocyanic acid, HON. — This acid, which is commonly 
called prussic acid^ occurs in nature in amj'gdalin in combi- 
nation with other substances, in bitter almonds^ the leaves of 
the cherry, laurel, etc. It is prepared by decomposing metal- 
lic cyanides with hydrochloric acid, as represented in the equa- 
tion : — 

KCN + HCl = KCl 4- HCN. 

It can also be made by treating chloroform with ammonia : — 

CHCI3 + NH3 = HCN + 3 HCl, 
or CHCI3 4- 5 NH3 = NH4 . CN 4- 3 NH4CI. 

It is a volatile liquid, boiling at 26.5°, which solidifies at —15®. 
It has a very characteristic odor, suggesting bitter almonds. It 
is extremely 2^01 sonous. It dissolves in water in all proportions, 
and it is this solution which is known as prussic acid. Pure 
hydrocyanic acid is very unstable. By standing, a brown sub- 
stance is deposited. By boiling with alkalies or acids, it is 
converted into formic acid and ammonia (see p. 56). 

Hydrocyanic acid can be detected by the fact that when its 
solution is saturated with caustic potash, and a solution contain- 
ing a ferrous and a ferric salt is added, a precipitate of Prussian 
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bine is formed ; or, by adding yellow ammonium aiilphidii lu its 
lutiou, eviiporatiug off tbe gxcesb of nmiDoiiiuiii sulphide, and 
1 adding a. drop of solution of ferric chloride. If liytlrocy- 
|l acid was present, the Bolutiun turns a deep blood red. 

aides. — Hydrocyanic, like hydrochloric acid, forms a 
) of salts, wliich are ciUled the cyanides. The cyanides of 

F alkali metals and of mercury arc soluble in water. The 

iteyanides of Uie heavy metals liave a marked t«udcncy to form 
double cyauidea, and those double cyauidea which contain an 
alkali metal are soluble in water. Hence, the precipitates 
formed by potassium cyanide, in solutions containing the heavy 
metub, are dissolved by excess of the cyanide. 

Among tbe best known double cyanides are the two salts, 
fiotassium fermqi'vniile and potassium ferrlenjanide. The former 
ia commonly' called ;/eUoto iiruamiate of polttsk, and the latter 
red prussicUe of potash. 

PotaBBimn ferrooyonide, 4 K0N.Fe(0N)a+3 H.O.— 
This salt is made on the lai^e scale by melting together, iu iroTi 
vessels, refuse animal auhstaaces {i.e., oi-ganie matter coutaiu- 
ing nitrogen) with [Wtassinm carbonate and iron. The mass is 
treated with water, and tbe salt which is thus extracted piiri- 
lied by crystallization. 

It crystallizes in large jellow crystals, and is soluble iu about 
four pai'ta of water at 15°. 
^^fltcn ignited, it breaks up according to this liquation : ^ 



4 KCN.Fe(CN), = 4 KCN + FeCo + N„. 



It decomposition is made use of for the purpose of jirepLiring 
'potassinm cyanide. As, however, a portion of the cyanogen is 
lost in this way, [)otassium carbonate is generally added, when 
the reaction represented hy the following equation takes 
place :^ 
iKCN.PetCN), + KjCO, = 5 KCN + KCNO + CO^ + Fe. 
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Tlie potassium cyanide made in this way always necessarily con- 
tains potassium cyanate, KCNO. 

Experiment 24.i Make a mixture of 8 parts (1608) dehydrated 
potassium ferrocyanidc and 3 parts (608) dry potassium carhonate. 
Fuse in an iron crucible, at a low red heat, until a specimen taken 
out and placed on a stone is white when solid. Then pour out on a 
flat, smooth stone, and afterwards break up and put in a dry bottle. 

When treated with dilute sulphuric acid, the ferrocyanide 
yields hydrocyanic acid thus : — 

2 [4 KCN.Fe(CN)2] + 3 HgSO^ 

= 6 HCN + 2 [KCN. Fe(CN)2] -f 3 K2SO4. 

This reaction is the one actually made use of for the prepara- 
tion of hydrocyanic acid. 

Potassium ferrocyanide Is the starting-point for the prepara- 
tion of all compounds containing cyanogen. 

Potassium ferricyanide, 3 KCN . Pe(CN)3. — This salt, 
known as red prussiate of potash, is prepared by oxidizing the 
ferrocyanide. The oxidation is effected most readily by means 
of chlorine. 

Experiment 25. Pass chlorine into a solution of potassium ferro- 
cyanide until the solution ceases to give a precipitate with ferric chlo- 
ride. Then evaporate to crystallization. 

Other oxidizing agents, such as bromine, potassium perman- 
ganate, lead peroxide, etc., effect the same transformatior 
The essential part of the change is that of the ferrous cyanide. 
Fe(CN)2, in the ferrocyanide, to ferric cyanide, Fe(CN)3, which 
is in the ferricyanide. Potassium ferricyanide is easily soluble 
in water, and crystallizes from its concentrated solutions in 
large, dark-red crystals belonging to the rhombic system. 

In alkaline solutions it is an excellent oxidizing agent. 

1 Experiments 24 and 26 may be postponed until urea is considered, when they may 
be combined with the artificial preparation of urea. 



Reducing agents, aiich hb hydrogen euliihide, sodium thio- 
Biilphate (hyposulphite), etc., convert it into the yellow s.ilt. 

Prussian bine, Twmhuffa blue, soluble I^uaaian blue, and 
Berlin green are complex cyanides of iron represented by the 
formulas 

»4Fe(CN)3.3Fe(CN}s, 
3Fe(CN)i,.2Fe(CN)„, 
KCN . Fe{CN)3 . Fe(CN)„ 
and Fea(CN)8 + 4 H^O, rpspectively. 

For a full accoinit of the many compnunds of the metals and 
cyanogen, the student ia referred to larger works. 

Cyanogen chlorides. — When chlorine is allowed to iwit 
upon cyanides or dilute hydrocyanic a<;idi a volatile liquid is 
formed which has tlie composition represented bj' the foimnla 
CNCl. It Ixjils at 15.6°, and its vapor acts upon the eyes, 
oaaeing teai-s. It is known as liquid cyanogen vhloride to dia- 
tangiiish it from solid cymmgen chloride. The latter has the 
formnla (CN)aCl3, and is formed by treating aiiliydroiia hydro- 
cyanic acid with chlorine in direct snnlight. The liquid variety 
is partially transformed iuto the solid when kept in sealed 
tnbes. 

Similar compounds of cyaut^en with bromine and iodine are 



Cyanic acid, OONH. — When a cyanide of an alkali is 
treated with an oxidizing agent, it takes up oxygen and is con- 
verted into^ cyanate : — 

CNK + O = CONK. 

Expcrtment 26.' Heat & mixtiiro of 8 parts (I6CW) doliydratcti 
potnsbiuiu ferrocynnlde, nad 3part(i(G0B) dry potossiuin carbonate in an 
iriJH (^riiciblL-. Wbeu thu trans format ion into the oyanidc Is complete 
(see Ei. 2-1, p. 82), take thu cruciblo nut of the furnace ; and, after it 
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lias cooled down somewhat, but while the mass is still liquid, add 
gradually 15 parts (3008) red lead, stirring duriug the operation. Put 
the crucible again in the furnace for a little while ; allow the reduced 
lead to settle, and then pour out the contents on a smooth stone. After 
the mass is cold, break up and extract the cyanate with alcohol (of 86 
per cent). 

Cyanic acid cannot be separated from its salts, as it breaks 
up with water into ammonia and carbon dioxide : — 

CONH + ILO = Nlla + CO2. 

The potassium salt is easily soluble in water, but is easily 

decomposed by it, yielding ammonia and potassium carbon- 

ate * — — 

CONK + 2 H2O = KHCO3 + NH3. 

The most interesting salt of cyanic acid is ammonium cyancUe, 
CON.NH4. It can be made by adding ammonium sulphate to 
a solution of the potassium salt. It is easily soluble in water ; 
but, if allowed to stand in solution, or if its solution is heated, 
it is completely transformed into urea, which is isomeric with it. 
The interest connected with this transfomiation was referred to 
in the introductory chapter (p. 1). It will be considered more 
fully under the head of urea. 

Oyanuric acid, O3N3H3O3. — This acid bears a relation tu 
cyanic acid similar to that which solid cyanogen chloride, 
(CN)3Cl3, bears to the liquid variety. It is made by treating 
the solid chloride with water, and also by heating urea. It is 
a crystallized substance. 

% 

Sulpho-cyanic acid, CNSH. — Just as the c^^anides of the 
alkalies take up oxygen and are converted into cyanates, so also 
they take up sulphur and are converted into sulpho-cyanates : — 

CNK + S = CNSK. 

Potassium 
flulpho-eyanate. 



Kxperinient 27. Melt together In an irou cmcible 17 parts (85e) 
•iry potassium t-'orbonate and 32 piirts(lfiOK] sulphur, and tlieii ndd 4G 
parts (330r) powdered dehydrated potiissium feiTOcyanlde. Keep tho 
TDBSs at a low red heat until the ferrocyanide is destroyed. After 
cooUiig, extract with water, uuntraUza tliu filtered solution witli sui- 
pliuric acid, evaporate, aiid separate from potassium sulphate by means 
of alcohol. 

Potassium stdpho-cyanate erystallizeB in long 8triat«d prisma 
without water of t-rystallization. It is deliquesceDt. When 
dLssolved in water the temperature sinka miirkedlj. "When 100 
parts of water of 10.8° are mixed with 150 parts of tlie salt, the 
temperature sinks to — 23.7°. By evaporjition of tho solution, 
the Bait can be recovered. 

Experhnent 38. Dissolve some potassium snlph(M:yaniite in water, 
and note the temperature before and after lutroducing the salt. 

Ammonium svljjho-eyanaie, CNS.NH,. This salt is most 
enaily prepared hy treating carbon disulphide with a solution of 
amnionitt in dilute alcohol : — 

CSj + 4NHa = CNS.NH4 + (NH^)sS. 
BxiierimeDt 2». Mix 240" strong aqueous nramonia, 240" alcohol, 
and 6CK carbou disulphide. Allow the mixture to stand for one or 
more days. Then distil down to oue-third of the original volume, and 
(liter while slUl hot the solntiou left in the flask. On cooling, ammo- 
nium snlpho-cyauato will crystallize out. 

The salt crystalUzes in plates. It mclta at 160° (ti'y it), 
.Tud at 170° it is transformed into the isomeric substance known 
as stilphO'iirea. (Analogy to transformation of ammouium 

eyauate.) - — . 

Having thus wnsidered some of the more important simplpr 
cyanogen compounds, we may now return to the nitrogen deiiv- 
atives of the hydrocarbons. For convenience, these may hi: 
divided into three classes : — 
^_ (1) Tiioae 113111011. are relaUd to cyanogen ; 

^H (2) T/wae which are related to ammonia; 

^^^^^ (S) Those which are related to nitric add. 
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Cyanides. 

Methyl cyapiiide, OH3.CN.— This compound is formed by 
distilling a mixture of }x>tassium methyl-sulphate and potas- 
siiun cyanide : — 

^?['>S04 + KCN = K2SO4 + CHaCN. 

It is a liquid boiling at 82°. 

According to the method of preparation, it must be regardeJ- 
as an ethereal salt of h} drocyanic acid, containing methyl in the 
place of the potassium of the potassium salt. 

Ethyl cyanide, O2H5.CN. — Formed like the methyl com- 
pound. Also by heating chlor-e thane with potassium cya- 
nide : — 

C2H5CI + KCN = C2H5.CN + KCL 

It is a liquid boiling at 98°. 

The two most characteristic reactions of these cyanides are 
(1) that which is effected b}' caustic alkalies, and (2) that 
effected by nascent hydrogen. 

When methyl cyanide is treated with caustic potash, it yields 
acetic acid and ammonia : — 

CH3.CN + H2O + KOH = CH3.CO2K -h NHg. 

Tliis reaction is strictly analogous to that which takes place 
with hydrocyanic acid yielding formic acid (see p. 56). In 
the same way ethyl cyanide yields an acid of the formula 
C3H6O2 (or C2H5.CO2II). Thus, by making a cyanide, we have 
it in our power to make an acid containing the same number of 
carbon atoms. 

This reaction, therefore, enables us to pass from an alcohol 
to an acid containing one atom of carbon more than the alcohol 
contains. It has been of great service in the study of the com- 
pounds of carbon. 



ETHYL CYANIDE. 



Note v^r Student. — Show how, by startins with iiiotliyl iili'oliol, 
' acetic wU(J loay be made by passing throngh the cjauicle. 





There are two ways in which the cyanogen group can be , 
' linked to inetlijl in intthyl cyaniJe ; viz., eitlier by tlie carbon 
nlom, aa represented in the formula II3C— C— N, or by tlie 1 
nitrogen Htoui, as represented thus, H3C— N~C. The ease ] 
with which tiic uitrogou is scpnralcd from tlio uom|>ound, leav- 
iQg the two carbon atoms united, as shown in the reaction with 
Caustic potash, naturally leads to the conduction that the for- 
mer view is the correct one. If it is correct, it would appear 
to follow that iu potassium cyanide the [M>t!issium is in combi- 
•laljon with carbon as represented iu the formula K— C— N, 
r<nd further that in hydrocyanic acid the hydr(^en ia iu combi- 
HaUon withcavl>ou, ns shown thus, H— C— N. 

In consequeaw of the close relation existing hctweeu the I 
Cjrnnidea ami the acids, the former are frequently BpokcE 
tlio nUrilesot the acids. Thus metliyl cyanide, which ia con- I 
Verted into acetic acid by lx)i!ing with caustic potash, is called j 
the nitrile of acetic acid, or aceto-nitrile. In the same way 
hydrocyanic acid itself may Im regarded as tlie uitrile of formic , 
add, or formo-nUrile. 

When methyl cyanide ia treated with nascent hydrogen, it ia ' 
eonvertcd into a substance which cloaely roscmblea ammonia, 
uud ia known as elhyl-uniine. It will be ahowti to bear U> 

ammonia the rclatiou indicated by the formula n J II : i.e., it 

(h 
is amniouia in which one IiydTOgen has Ijeen replaced by ethyl. 
The reacljon may be represented by the equation: — 

H,C-C-N + 4 H = IIsC-HjC-NHj [ or N ^ 



n 

This transformation strengthens the conclusion already reached, 
that tlie two carbon atoms in methyl cyanide are directly united. 
If tluB were not the case, it is difficult to see how a compound 
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containing ethjl in which the two carbon atoms are unquestion- 
ably united, could be formed so easily from it. 

Just as methyl cyanide yields ethyl-amine when treated witb 
nascent hydrogen, so hydrocyanic acid yields methyl-amiDe 

nJH : — 

H~C-N + 4H = H3C-NH2 or N j H • 

The amines, or substituted ammonias, will be considered more 
full}' hereafter. 

ISOCYANIDES OR CaRBAMINES. 

If, in making an ethereal salt of hydrocyanic acid from a salt, 
the silver salt is used, a comix)und is obtained having the same 
composition as the cyanide, but differing very markedly from 
it. The substance thus obtained is called an isocyanide or car- 
bamine. 

Ethyl isocyanide or ethyl carbamine, G2H5.NC. — This 
compound is obtained when silver cyanide and iodo-ethane are 
heated together : — 

C2H5I + AgNC = C2H5NC + Agl. 

It is also formed when chloroform and ethyl-amine (see above) 
are brought together : ■— 

( C2H5 
CHCI3 + N j H = C2H5NC + 3 Ha. 

It is a liquid boiling at 79°. It is characterized by an unbear- 
able, indescribable odor. The methyl compound obtained by 
the same method boils at 58° to 59°, but otherwise has proper- 
ties almost identical with those of ethyl isocyanide. 



ETHTl. ISOCVAKlDm 

The reactions of these Biihstfiuces are quite different from 
those of the cyanides. Tliey nre decocipoBecl only with great 
difficulty by the canslic alkalies ; bat, when brought together 
with hydrochloric acid, they undergo an interesting change, 
ivliich way bo represented by the following equation for the 
luethyl L'Oinpouod : — 

CHa-NC + 2H2O = CTL,-NTIs + H.COjH. 



This reaction indicates that in the isocyanides the cyanogen 
group is united to the radical by means of nitrogen, as repre- 
sented by the formula H3C — N— C Hence it is, in all proba- 
bility, that wheu tliey undergo decomposition the nitrogen 
remains in combination with the radical, whili! the carbon of 
tile cyanogen group passes out of the compound, TLe conduct 
of ethyl isocyanide is represented by tlic eqiinlion ; — 

C~H..NC + 2H^ = C,H,-Nns + II.COJI. 

The reactions of the cyanides and of tiio isocyanides, and 
the eonclusiouB drawn from them, admirably illustrate tlie 
methods used in determining the structui-e of compounds o( 
carbon ; and they are specially valuable, as the connection 
tietween the facts and the conclusions, as esjii-essed in tlie 
Tormulos, can he traced so clearly. 

The fact, that the silver salt of hydrocyanic acid yields iso- 
cvanides, while the potassium and otiicr salts yield cyanides 
Willi ihe lialogeiL derivatives of tlie hydrouarbons, leads to the 
saspicion that in Biiver cyanide the metal may be in combina- 
lion with ultri^en and not with carbon. Tliere are other facts 
known which indicate a tendency on the part of silver to unite 
with nitrogen in carbon componnds. It would lead too far to 
discuss this subject here. 

It seems possible tliat isomeric salts of cyanogen may be dis- 
covered corresponding to the cyanides of tlie radicals and to the 
isocyanides. There is no fact known which makes tlie exist- 
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ence of two potassium cyanides and two silver cyanides see 
improbable. The two series of salts would be derivativ 
of hydroc^^anic acid, H— C—N, and isohydrocyanic aci 
H-N-C. 

Elxperiment 30. The odor of the Isocyanides, as has been stat 
is extremely disagreeable, and in concentrated form it is unbeaval 
A vivid impression in regard to this property may be produced by 
following experiment. In a test-tube bring together a little chlorofo: 
aniline, and alcoholic potash. The reaction takes place at once. I 
better to perform the experiment out-of-doors, and in such a place t 
the tube with its contents can be thrown away without molesting \ 
one. The aniline used is a substituted ammonia analogous to metl 
amine, containing the radical Cgllg in place of methyl. The isocyar 
formed has the formula CgHg. NC. 



Cyanates and Isocyanates. 

There are two series of compounds bearing to cyanic a 
much the same relation as that which the c^'anides and isocy 
ides bear to hydrocyanic acid. 

In the cyanates^ which are made by passing cyanogen cblor 
into' the alcohols (CH3OH + CNCl = CH3OCN -h HCl) , the ra 
cal is believed to be united to the cyanogen group by means 
oxygen, as represented in the foimula CH3— O— CN. 

In the isocyanates (first called cyanates) , on the other hai 
the radical is believed to be united to the cyanogen by mej 
of nitrogen, as represented thus, CII3— N— CO. The isocy; 
ates are made by distilling potassium cyanate with the potassi 
salt of methyl- or ethyl-sulphuric acid. They can be made a 
by bringing together the iodides of radicals, as iodo-methi 
and silver cyanate. They arc very volatile substances, wh 
have penetrating and suffocating odors. 

One of the principal reactions of the cyanates is that wh 
they undergo with caustic alkalies, hydrochloric acid, etc. TI 
yield cyanic acid, and a compound containing the radical wh 
they contained. 



^M ISO-aiTLPHO-OTAHATHB. 9l| 

BEriie isoeyauates readily yield subatitated ammonias, just as ] 
pfce isocyaoidcB do ; — J 

C,Hj-N-CO + H^ = C^j.NHa + CO,; I 

I CH3 -N-CO + nfi = CHa-NH, + CO,. I 

^Dhe views held iu regard to the Btructuro of the cyanates and I 

^Kyaaates are based upon these reactions, which, as will be I 
^Ren-ed, are very similar to those more fully considered in 
Hsoussing the dilference between the cyanides and isocyanideB. 

M The existence of two cyanic acids, and of two seriea of salts J 

'derived from thera, Beems probable. J 

SuLPHO-CrANATES. I 

The ethereal salta of sulphocyanic acid are easily made by j 
distilling potassium sulphocyauate and the potassium salt of , 
methyl- or ethyl- sulphuric acid : — 

*^^'>SOi + KSCN = CH3SCN + KjSO.. j 

The ethyl compound, which is very similar to the methyl com- 
pcmnd, is a liquid boiling at 146". 1 

When boiled with nitric acid, it is oxidized to ethyl-sul phonic 
scid. Now, it has been shown above (see p. 77) , that in ethyl- 
sulphonic acid the ethyl in alt probability is in combination with 
tile sulphur. It hence follows that, in the sulphocyanates 
obtained from potassium snlphocyanate, the radical is also 
in combination with sulphur, as indicated in the formula, 
CjH,— S— CN. This view is supported by the fact tliat ethyl 
sulpho-cyanatc reailily yiflds etbyl sulphide as a product of 
ilecom position. ■ 

Iso-SUI-PHO-CYANATtS OK MuSTAED-OlLS. I 

A number of eompouuds are known isomeric with the sulpho- 
cyanates. The best-known member of the class is ordinai-y 
Hence they have been called mustorct-oiU^ uu^ 



92 DKHIVATIVBS OP MBtHAKEi Ain> EfFUA^nL 

they art? known most frequentU' by this name. The mu8taid< l-** • 
oils :ire made by means of a Beries of somewhat complicate! 
rcactionK, wliich it is rather difficult to interpret without a oom- 
parison with some similar reactions which take place between 
simpler siibstanoea. 

WluMi dry ammonia and dry carbon dioxide act npon eacb 
other, so.-cnlhHl anhydrous ammonium carbonate is formed. Thia 

is really the ammonium salt of carbamic acid, CO < J^- Ita 

OH 

formation is rc!i)resented thus : — 

COs + 2 NH3 = CO < JJJ^ . 

Now, remoinhering that carbon disulphide is similar to carbon 
dioxide, and that ethyl-aminc is similar to ammonia, we can 
readily understand the reaction which takes place when these 
two su])slanees are brought together: — 

CS, + 2 NII.AH5 = CS < NHCjHs 

SCNHsCA) 

The product formed is the ethyl-ammonium salt of the acid 

CS < "^ % which may be called ethyl-sulpho-carbamic acid. 

When the ethyl-ammonium salt is treated with silver nitrate, the 

NIIC H 

corresponding silver salt, CS < ' % is precipitated. And 

finally, when this salt is distilled, it breaks up, yielding ethyl 
musUird-oil^ silver sulphide, and hydrogen sulphide: — 

2 ^■^^<^"^''"' = 2 SC-NC,II, + HjS + Ag^. 



Ethyl mustard-oil is an oily liquid which docs not mix with 
water. It has a very penetrating odor, and acts upon the 
mucous membranes of the eyes and nose in the same way as 
ordinary oil of mustard. The properties of the two are so much 
alike that one could be substituted for the other. 



iSosulphocvanates. 93 

JSome of the arguments have been stated which lead to the 
view that in the sulpho-cyanates the radical is in combination 
J ^th sulphur. Having once accepted this view, we should 
F naturally suspect that in the mustard-oils the radical is in com- 
bination with nitrogen, and the question arises whether the 
reactions of these bodies are of such a character as to justify 
this suspicion? They certainly are. In the first place, when 
heated with water or with hydrochloric acid, ethyl mustard-oil is 
decomposed, yielding ethyl-amine^ carbon dioxide, and hydrogen 
sulphide : — 

SC-NC2H5 + 2H2O = C2H5.NH2 + H2S + CO2. 

And, in the second place, nascent hydrogen converts it into 
ethyl-amine and formic thioaldeh^de (i.e., formic aldehyde in 
which the oxygen has been replaced by sulphur) : — 

SC-NC2H5 -I- 4H = C2H5.NH2 -h H2CS. 

Thus, as will be seen, the tendency of the sulpho-cyanates is to 
yield sulphides of the radicals like ethyl sulphide, (€2115)28 ; 
the tendency of the iso-sulpho-cyanates is to yield substituted 
annnonias, like ethyl-amine NH2.C2H5. These facts point to 
the relations expressed in the formulas, R— S— CN for the 
sulpho-cyanates, and R— N— CS for the iso-sulpho-cyanates or 
mustard-oils. 

In reviewing now the compounds of the hydrocarbons which 
are related to cyanogen, we sec that there are two isomeric 
series of these, the names and general formulas of which are 
given below : — 

Cyanides, R—C—N . . . Isocyanides or] t>_-^t_p 

Carbamincs, J 
Cyanates, R— O— CN . . . Isoc3'anates, R— N— CO. 

Sulpho-cyanates, R—S — CN . Iso-sulpho-cyan- 
ates or Mus- V R— N— CS. 
tard oils, 
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Note for Student. — Study these compounds until the exiscy^ci 
nection between the formulas and the facts above stated is c?-^^^ 
seen. 

Substituted Ammonias. 

When brom-ethane or any similar substitution-produ<?* ^^ 
treated with ammonia, the reactions represented by the foll^^' 
ing equations take place step by step : — 

C^H^Br + NH3 = NHaCCsHs) . HBr ; 

C^H^Br + NH^CCsH^) = ]S[H(C2H5)2.HBr; 
C2H5Br + NH(C2H5)2 = N(C2H5)3.HBr ; 
QH^Br + N(C2H5)3 = N(C2H5)4Br. 

The first three products are salts of hydrobromic acid, and 
substances which in all their properties very closely resemble 
ammonia. When these salts are distilled with potassiuna 
h3'droxide they are decomposed, just as ammonium bromide 
would be. Only instead of getting ammonia and potassium 
bromide, we get the compounds ethyUamine^ NHg . C2H5, di-ethyl' 
amine^ NH (02115)2, and tri-ethyl-amine^ N (02115)3. These 
substances may be regarded as derived from ammonia by the 
replacement of one, two, and three of tlie hydrogen atoms 
respectively by eth3'l. The last product of the series of reac- 
tions represented above may be regarded as ammonium bromide, 
NH4Br, in which all four hydrogen atoms are replaced by ethy 
groups. 

The decomposition by potassium hydroxide of the first tw« 
salts is represented thus : — 

NH2(OoH5).HBr + KOH = NH,,(02H5) + KBr + HgO ; 
NH(02H5),.HBr -h KOH = NII(C,,H5)2 + KBr + H^O. 

Methyl-amine, NH2.OH3. — This compound can be pr 
pared by treating iodo-metliane with ammonia : — 

CII3T + NH^ = NIL,CH3.HI. 



s first iiinclc by treating metJjyl h 
rtth caustic potiish : — 



mite, Cil^-N-CO, 



CHs-N-CO + HP = NH;.CH3 + COo. 



H lias Viccii slated that it i 
■XTJtl witli nascent hydrogen : ■ 



foniied ijy treating liydrot 



nCN + 4H = NHo.CHs. 

It occnra in nature in lieriing brine, and is one of the products 
<»f the distillation of animal matter as well as of wood. It is 
flow prepareil on the large scale from certain waste products 
obtained iu tbe refining of beet sugar (see Tri-methyl-amine) , 

Wetliyl- amine is a gas which is easily condensed to a liquid. 

It smells like ammonia. It is, like ammonia, extremely easily 

^nKdnble in water, 1 volume of water at 12.5° taking up 1150 

^Bjolames of the gas. Tliis solution tx^ts almost exactly like a 

HAolulJon of ammouia in water. It is strougly alkaline. It pre- 

p^ipitatcs the metaUio hydroxides, but, unlike ammonia, it docs ' 

not redissolve precipitated hydroxides of nickel, cobalt, and 

cadmium when added in excess, Like ammouia, it dissolves 

Hluminiura hydroxide. 

Mcthyl-amine fonos aalta with acids in the same way that 
ammonia does ; that is. by direct iiddition. T)ie action towards 
uiirio and snlphitric a<ids takes place in accordance with the 
following equations : ^ 

NHaCKs + IINOa = NHnCIIs.NOa; 
2 NHPH„ + HbSO, = (NH3CH„)^04. 

Those salts are called methyl -ammonium nitrate and methyl- 
ammonium sulphate respectively. 



Di-methyl-amine, NHCCH3),. — Tliis is formed by heatiug 
D-methane with alcoholic ammouia : — 

-gem: -I- aNHg = NU(CHa),.HI + NIIJ. 
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It is foraaed, together with methyl-amine, as a product of the 
distillation of wood. 

It is a gas whicli condenses to a liquid at + S°» Its proper- 
ties are much like those of methyl-amine. 

Tri-methyl-amine, N(CH3)3. — Tri-methyl-amine is formed 
as one of the products of the treatment of iodo-methane with 
ammonia. It occurs widely distributed in nature, as in the 
blossoms of the hawthorn, the wild cheny, and the pear. It 
is contained in herring brine, and is a common product of the 
decomposition of organic substances which contain nitrogen. It 
is now obtained in large quantities from the so-called " vin- 
asses." These are the waste liquids obtained in the refining of 
beet sugar. When the " vinasses" are evaporated to dryness, 
tri-methyl-amine is given off among the volatile products. It is 
collected as the hydrochloric acid salt, N (0113)3. HCl, which, 
when heated to 2G0°, yields ammonia, tri-methyl-amine, and 
chlor-methane : — 

3 N(CH3)3.HC1 = 2 N(CH3)3 + NHg + 3 CHsCl. 

The chlor-methane is utilized for the purpose of producing low 
temperatures. 

Tri-methyl-amine is a liquid boihng at 9° to 10°. It has a 
strong ammoniacal and fishy odor. It is very soluble in water 
and alcohol, and is a strong base. It is used in the prepara- 
tion of potassium carbonate, by the Solvay process. In making 
sodium carbonate from the chloride by this method, acid anmio- 
nium carbonate is brought together with the chloride. Thus 
mono-sodium carbonate is precipitated, and ammonium chloride 
is left in solution. But mono-potassium carbonate and ammo- 
nium chloride are about equally soluble, so that potassium car- 
bonate cannot be prepared in the same way. On the other 
hand, if tri-methyl-amine is substituted for ammonia, the sepa- 
ration can be effected, inasmuch as tri-metliyl-ammonium chlo- 
ride is more soluble than ammonium chloride. 




TIll-METHYly-A.MXNE. ^^^^^^^^H 

( ®rW>RNT. — Write the eqnations representing the rete&jV 
I lions involved in making potsssinm carbonate from potassium chloride J 
L bjmenns of tri-muUiyl-amlnc. I 

The ethyl-amines are veiy much like the methyl compounds, J 
;c(l not be Bpei^ially described. I 

iWhen tri-ethjl-amine ia brougiit tijgcther with imlo-ethane, J 
two unite, foiiniiig the ccmpound tetra-ethjl-ammonium 1 
idc, N(CaHs)iI, which is anunoniiim iodide, in which all four j 
igen atoina liava been replaced by ethyl groups. If silver j 
oxide ia added to the aqueous solution of the iodide, silver 1 
iodide is precipitated, and by evaporation of the liquid crystals 
of tetra-ethyl-ammoniuta hydroxide, N(CsIIi)iOII, are obtained. 
This is plainly the hypothetical ammonium liydroxide, in which ' 
the four ammonium hydrogens have been replaced by ethyl. I 
Its solution ads almost like caustic potash. It is i^ry caustic, 
Attracts carbon dioxide from the air, saponifies (see p. 70) I 
ethereal salts, and gives the same precipitates aa caustic potash, j 
The reactions of the substituted ammonias above described ] 
:e it certain that Uioae bodies are very closely related to ] 
nia. The methods of formation also point clearlj- to the 1 
conclusion. This relation is beat expreased by the form- 
ulas above given. 

Another method for the formation of aubstituteti ammonias i 
in which but one radical is present, as ethyl-aminc, Nlla.CjlI,, 
or in general Nil, . R, consists in treating with nascent hydro- 1 
gen compounds known as nili-o compounds, which are substi- ' 
lution-products containing the group NO, in the pince of ' 
hydrc^eu. Tims, for example, when nitro-raethaue, CH, .NO, 
(which see), ia treated witli liydrogeu, the reaction which takes 
place is represented thus : — 

CHj.NG, -H H = CHj.NHa -|- 2 H,0. 

2iD connection with another series, it will be shown that this 
peaction is a most important one, from a practical aa well aa 
ik Bcieutiflc point of view. It may be said in auticipation that 
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the nianufacture of aniline, and consequently of all the manj 
valua])le dye-stuffs related to aniline, is based upon this reac 
tion. 

Just as we may look upon methyl-amine and the related com- 
pounds, as ammonia, in whicli one hydrogen atom is replaced by 
methyl, so also we may regard tliem, and with equal right, as 
marsh gas, in which liydrogen has been replaced by tlie gi-oup or 
residue NH2. Owing to the frequency of the occurrence of this 
group in carbon compounds, and for the sake of simplifying the 
nomenclatures, the group hiis been called the amide or aww'do 
group, and the bodit's containing it amido-compounds. ThuB 
the compound NH2 . C2II5 may be called either ethyl-amine ot 
amido-ethane^ etc. 

Similarly, those bodies which contain two hydrocarbon reeJ^' 
dues, as di-qthyl-amine, NH (€2115)2? are called imido-conipounC^'^'' 
and the group Nil the imide or imido group. Substitute "^ 
ammonias containing one hydrocarbon residue are called pr '^ 
mary ammonia bases. Those containing two residues, as d 
ethyl-amiue. Nil (€2115)2, are known as secondary ammonu 
bases, and tliose containing tliree residues, as tri-ethyl-amin^ 
N(€IT.j)o, are called tertiary ammonia bases. 

Among the most important of the reactions of amido-com--^ 
pounds or primary bases is that which takes place when they^ 
are treated with nitrous acid. Take ethyl-amine as an illustra — 
tion. In order to understand what takes place when thi» 
compound is treated with nitrous acid, it is necessary to keep 
in mind the fact that the compound itself is a modified ammo- 
nia, and hence we may expect that its reactions will be but 
modifications of those which take place with ammonia. Thus 
with nitrous acid ammonia unites directly to form ammonium 
nitrite : — 

NH3 + HNO2 = NH4 . NO2. 

So also ethyl-amine forms ethyl-ammonium nitrite : — 

NIl2.€2H5 -I- HNO2 = NH3(€2ll5).N02. 





lTltO-C0.MPOUNDS. 

J tnow that ammonium nitrifi; breaks ui 
EOgen and water : — 

NH,.N02 - Nj + n,0 + HjO. 

triUi breaks ny iuto free uititigen, 

NHa(C^Hs)N03 = N; + HP + C^.Hj.OH. 

TOactioDs are strictly analogous. As iti tiie Bfcond case 
siibatituteil aimnonia, we get as a prtxluet a 
or alcohol. 
iti(ai lias been used very extensively in the prepnra- 
contjiiniug liyili'oxyl. For ordinai'j alcohol, as 
f, it is not a conveuient metJiod of i>repiiratiou ; hut it 
Lflhown that there are hydroxides for the preparation of 
ft 18 hy far the moat conveuient ii)etho<l. The essimtiul 
Br of the tranaformatiou effected bj- it will be best under- 
te comparing the formulae uf the amide and the alcohol. 
Ks ethyl-amine, CjH,.NHj, aud from it we get alcohol. 
Thus we see that the Irans formation cousiahi in 
the amido-group by hydroxyl. 

Hydrazine Comi'ounds, 
a class of bodies has been studied, tlie members of 
Lr the same relation to tbe compound bydrazine, N^ll, 
!*NH,), that tile substituted ammonias bear to ammonia, 
patious by which tliey are prepared are somewhat com- 
'j and they do not play an impoitaat jiai-t iu the study 
a compounds. A mere meution of their existence will 
B suffice for our present purpose. 

NlTRO-CoMPO DUDS . 

ll^DOe has already been made to a class of bodies con- 
1 NOj, and known as nitro-compounds. They 
{T made by treating the hydrocarbons with nitric 




es con- I 

Thej 
h nitric 
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a(n(l. Tliis metliocl, however, is not applicable to the hydro- Ifi^^ro 
carbons methane and ethane and their homologues, as these can |--*itr 
be treated with nitric acid without undergoing change. The 
hydrocarbon benzene, CgHg, is acted upon very easilj* by nitric 
acid, when the reaction represented by the following equation 
tiikes place : — I ^^^ 

Colic + HO.NOjj = CoH^.NOj + HjO. 



r«ri'i 1 



■-1 1 



to- 

r \^- 



The action is like that which takes place between sulphuric 

acid and benzene, which gives the sulphonic acid C©H5.S0i^H 

C II- 
or iTQ >^^2- (^^^ P- "^^O I^ ^^h case a hydroxyl of the 

acid is replaced hy the simple residue of the hydrocarbon. The 
product in the case of the dibasic acid, sulphuric acid, is itsei^ 
still acid, while the product in the case of the monobasic nitr^^ 
acid, is not an acid. 

The nitro-derivatives of methane have been made by a rear^^ 
tion which we should expect to yield ethereal salts of nitrot^^® 
acid; namely, by treating iodo-methane or ethane *with silv^^^ 
nitrite : — 

CH3I -h AgNO, = CH3NO2 + Agl. 

The, compound (JIIj.NO^, which is known as nitro-methan^' ' 
does not conduct itself like the ethereal salts of nitrous aci<L- * 
The latter are unstable bodies, while the former is stable. 

NoTK rou Studp^nt. — Compare the reaction just referred to witr* 
that which takes place between silver cyanide and iodo-methane; and 
that wliich takes place between iodo-ethane and potassium sulphite. 
What analogy is there to tlie former and to the latter? 

It has already been stated that the nitro-derivatives are con- 
verted by nascent hydrogen into the corresponding amido- 
derivatives (see p. 97). 

Note fok Student. — Write the equations representing the reac- 
tions necessary to convert methyl alcohol into methyl-amine by mean& 
of the uitro-compound. 



I 
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pitpofbrm, CHCNOj^j, as the formuln, indicates, is Uie tvi- 
o-derivatiTe <j( methane, or tri-iiitro-jncthane. It ia con- 
ed into tetra-nitrO'm,ethane, C(N0a)4, when treated with a 
Q of concentrated sulphuric and fuming nitric acids. 

Nitro-chlorofonn, 0(NOj)01j, called also clUorpicrin. and 
)kliivlrkldonnethane, is formed Ijy distilling methyl or ethyl 
I alfoiiol with common ualt, Halt|}otrc, and sulphuric acid. It is 
I formed fi-om a uumher of more complicated nitro-compomids, 
I by distilling them with hlcachiug lime or hydrochloric acid and 
! potassium chlorate. * 

NiTROSo- AND laoNmtoso-CoMPOUNDa. ' 

When a compound contiiining tlic group CII is treated with 
nitrous acid, a reaction takes place, which is represented thus ; — . 

G3.CH + HO. NO = R^.C.NO + IIoO. 
XTib product Ra .C . NO, which is derived from the original sub- 
«taHco by the substitution of the group NO for a hydrogen 
%tom, is called a nitmso-compound. By oxidation the nitroso- 
«»mponnds are converted into nitro-comiwunds, and by rediit- 
b'on thoy yield the same products as the corresi^ondiug nitro- 
vsim pounds. 

The isonitroso-compoundH are isomeric with the uitroso-com- 

ponnds. They arc formed whenever acetones or aldehydes are 

. treated with hydroxylamiuc, NH.j.OII. Assuming that the 

^ la tter substance is really a hydroxjl derivative of amiaonia, the 

^^^Rction may be represented thus : - 

^ The hvi 



CO + HjN.OlI =c-N-on + HA 



^^1 



CHfl CH, 

The hydn^cn of the liydrosyl has acid properties. The iso- ] 
nitroso-componnda are readily broken up, yielding, 1 
products, hi-(Jryx_yIan 
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t 



Fnlminic acid, C2N2O2H2, according to recent investig: 
tions, appears to be an isonitroso-compound, and for \ksB 
reason finds appropriate mention in this place. The principf 
compound of fulminic acid, is the mercury salt, C2N202Hg 
commonly known as fulminating mercury. It is prepared b 
dissolving mercury in strong nitric acid, and adding alcohol t 
the solution. It is extremely explosive. Mixed with potassiui 
nitrate it is used for filling percussion-caps. 

When fulminating mercury is treated with concentrated hydrc 
chloric acid, it yields hydroxy lamine as one of the products c 
decomposition. This is regarded *as evidence that fulminic aci 
is an isonitroso-compound. As will be seen, fulminic acid : 
isomeric with cyanic and cyanuric acids (see pp. 83 and 84) . 



CHAPTER Vn. 



BBI-VATIVBB OF METHANE AND ETHANE CON- 
TAININO- PHOSPHORUS, ARSENIC, ETC. 



l*ho8phorus compounds.— CorrcBponding to the amines or ' 
substituted .immomas are the pbosphiues, whicli, as the name 
implii?s, !ire related to i>hoBphine, PHj, Mcthyl-phoephine, 
Pna-CH,, di-methyl-phospliine, PHCCHj);, and tri-methjl- 
piiosphine, P(CH5)3, may be taken as examples. 

These substances, like the corresponding amines, form salta 
with acids, though not as readily. The hydroxide, tetra-ethyU 
j^toephoiiium hydroxide, r(CsHs),.OH, is a veiy strong base, i 
thongh not as strong as the torrcsimnding nitrogen derivative. 

The phosphinos have one marked property which distin- 
guishes them from the amines, and that is tfieir power to take 
up oxygen and fonn aciils. Thus, ethyl-phosphine, PHj.CjHs, 
when treated with nitric acid, is converted into elhyl-jiho»- 
plunic aeid, P0(CmTIj)(0H)2, a dibasic acid, bearing to phos- 
phoric acid the same relation that the nidphonic acida bear to , 
^^Alphurio add. 

^^KNotr *'0R Stcdbnt. — What Is the ralatiou? Wliat other class of 
^^BrUb bears tiie same relation to carbonic acid? 

1^ l>i-e 



icacid, 



Di-etbyl-pbosphine,PiI(CsHs)a, yields di-e(%I-^7«)spAifl 
PO(Cyii)3.0H, when oxidized. 

These compounds are not commonly met with, and do not ' 
play a very important part iu the study of the compounds of 
carbon. 

Arsenio oompoundB. — The most characteristic carbon 
compound containing arsenic is that which is known as cacodijU 
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a name given to it on account of its extremely disagreeable 
odor (from KaKw^<s, striking) . It is prepared by distilling a mix- 
ture of potassium acetate and arsenic trioxide. The reactions 
whi(!li take place are very complicated, and many products are 
f()nn(?d. Chief among the products is cacodyl oxide : — 

4(:iI,.C(),K + AsA = [(CH3)2A8]20 + 2KaC08 + ^^CO,. 

When treated with hydrochloric acid, the oxide is converted 
into the chloride (CH3)2AsCl; and, when the chloride is treated- 
with zinc, cacodyl itself is produced. Its analysis and tli^ 
determination of its molecular weight lead to the formul^^** 
AS2C4II12, which in all probability should be represented thus ^ 

!r«iT\^A^[* Cacodyl appears thus as a compound analogoui^ 
to tlie hydrazines referred to above. (See p. 99.) 
Note for Student. — In what does the analogy consist? 

Many derivatives of cacodyl have been made, but their study 
would hardly be profitable at this stage. 

By treating the chlorides of silicon, boron, and many of the 
metals with zinc eth}^, Zn (€2115)2, many similar ethyl deriva- 
tives have been made. 

Zinc ethyl itself is made by treating iodo-ethane, C2H5I, 
with zinc alone or with zinc sodium : — 

ZnNa^ + 2 C2H5I = Zn(C2H5)2 + 2 Nal. 

It is a liquid boiling at 118°. It takes fire in the air, and burns 
with a white flame. 

Sodium-ethyl, CaHsNa, can be obtained in combination 
with zinc ethyl by treating the latter with sodium. Both these 
compounds have been used to a considerable extent in the syn- 
thesis of carbon compounds, particularly the more complex 
hydrocarbons, and they will be frequently referred to in the 
"following pages. 
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NoTS FOH Studknt. — What is fcirmed wlien sodium methyl and 
carbon dioxide aro allowed to act npon eaeli other? 

Many of the derivatives, like tlie aliove, are volatile liquids- 
Such, for example, are mercury ethyl, Hg(CaHj),, aluminium i 
I'lUj-l, Al(CjHj)„ tin tetrethyl. 8n(CaHj)„ and silicon tetrethyl, ■ 
Si^L'jHj).. The study of these comptiunda has been of assist- ' 
ance iu enabling chemislB to del«rmiae tho atomic weights ot\ 
some of the elements which do not form simple volatile] 
compounds. 

Rf.trospkct. 
In the iiitroiiuctory chapter (p. Ill) these worda were uaeei in 
clescribiii& the plan to be followed: "Of the first series of 
bj'drocarbons two members will be considered. Tben the de- 1 
rivatives of these two will be taken up. These derivatives will' 
Serve admirably as representatives of the corresponiling deriva- 
Wes of other hydrocarbons of the same series and of otLer 
Their characteristics and their relations to the hydro- 
carbons will lie dwelt upon, as well as tlieir relations to each ' 
Other. Thus, by a comparatively close study of two liydro- 
t^rboDS and their derivatives, we may acquire a knowledge of 
principal classes of tiie compounds of carlmn. After tiiese 
lieal derivatives have been considered, the entire series of 
'drocarbons will be taken up briefly, only such fact» being 
tlealt with at all fully as are not illuslratcd by the first two 
members. " 

In accordance with the plan thus sketched we have thus far 

studied the principal derivatives of the two hydrocarbons, 

methane and ethane, so far as these derivatives represent dis- 

l tinot classes of compounds. These derivatives were classified 

^^^rst into (1) tliosc contuiuiug halogens; (2) those containing 

^^■ttygen ; (3) tbose containing sulphm' ; and (4) tbose contain- 

^^Kg nitrogen. On examining each of these classes inoi'e closely, 

^^Kire found that the halogen derivatives, such as chlor-metbane, 

brom-etliane. etc., bear very simple relations to each otiier. 



HMrve 

other 
t^rbt 

■Q^dri 
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We found that under the head of oxygen derivatives, the most 
important and most distinctly characteristic derivatives of 
hydro-carbons are met with ; as, the alcolwls^ ethers^ aldehydes^ 
acids^ ethereal salts^ and ketones. Tlie sulphur derivatives, 
some of which closely resemble the oxygen derivatives, include 
the sulphur alcohols or mercaptans^ sulphur ethers^ and sulpJwnic 
acids. 

On beginning the consideration of the nitrogen derivatives 
we found it desirable first to take up certain derivatives con- 
taining the cyanogen group, among which are cyanogen, hydro- 
C3*anic acid, cyanic acid, and sulphocyanic acid. Many interest- 
ing carbon compounds are closely related to these fundamental 
compounds. Such, for example, are the cyanides and carba- 
mines, the cyanates and isocyanates, the sulpho-cyanaies and 
isO'SulphO'Cyanates or mustard-oils. Following the compounds 
related to cyanogen, we took up the interesting compounds 
which are related to ammonia, the substituted ammonias or 
amines. Then came the nitro-derivatives ; and, finally, the 
compounds of the hydrocarbon residues or radicals with metals. 

It is of the greatest importance that the student should 
master the preceding portion of this book. If he studies care- 
fully the reactions which have been considered, and which are 
statements in chemical language which tell us the conduct of 
the various classes of derivatives, and if he performs the ex- 
periments which have been described, he will have a fair general 
knowledge of the kinds of relations which are met with in con- 
nection with the compounds of carbon through the whole field. 
As stated in the Introduction : " If we know what derivatives 
one hydrocarbon can yield, we know what derivatives we may 
expect to find in the case of every other hydrocarbon." 

The more the student practises the use of the equations thus 
far given, the better he will be prepared to follow the remain- 
ing portions of the book. Indeed, it may be said that, if he 
thoroughly understands what has gone before, what follows will 
appear extremely simple. Whereas, if he has failed at anv 
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point to catch the exact meaning, if he has failed to see the 
connection, he had better go back and faithfully review, or he 
will soon find his mind hopelessly muddled, and relations which 
are as clear as day will be concealed from him. 

A very excellent practice is to trace connections between the 
different classes of compounds, and show how to pass from one 
to the other. Thus, for example, (1) show by what reactions 
it is possible to pass from marsh gas to acetic acid. (2) How 
can we pass from ordinary alcohol to ethylidene chloride, 
CH3.CHCI2? (3) What reactions would enable us to make 
methyl-amine from its elements ? (4) How can acetone be 
made from meth3i-amine ? (5) What reactions are necessary in 
order to make ordinary ether from ethyl-amine? etc., etc. It 
is well in this sort of practice to select what appear to be the 
least closely -related compounds, and to show then how we can 
pass from one to the other. Be sure to select representatives 
of all the classes hitherto mentioned, and to bring in all the 
important reactions. 



CHAPTER VIII. 

THE HYDROCARBONS OP THE MARSH-GA 
SERIES, OR PARAFFINS. 

The existence of the homologous series of hj'drocarbons 
ginning with methane and ethane was spoken of before its 
two members were considered. A general idea of the ex 
of the series, and of the names used to designate the meml 
may be gained from the following table : — 



MARSH-GAS HYDROCARBONS. 


Paraffins. — Hydrocarbons, C„H2n+2- 


Boiling-Point. 


Methane .... CH4 . . . gas. 


Ethane . 


• 


• 


02X16 


. . gas. 


Propane 


■ 


• 


^3"8 1 


. . gas. 


Butane . . 




» < 


C4H10 


. . r. 


Pentane 




a 


C5H12 


38 . 


Hexane 




• 


^6^14 


. . 7o^ 


Heptane . 




• 


C7H16 


. 98.4°. 


Octane . . 




4 


CgUis 


. 125°. 


Nonane 




« 


090.20 


. 148°. 


Dodecane . 




• 


C]2H26 • 


. 202°. 

• 


Hecdecane 




• 


C16II34 . 


. 278°. 



The explanation of the remarkable relation in composi 
existing between these members, a relation to which the n; 
homology is given, has already been referred to (p. 22). ' 
number of hydrogen atoms contained in a member of this se 



bears a constant relation to the number of carbon atoms, 

ressed in the general formula C„HB„+a. On examining tiie . 
' column headed " Boiling-Point " it will be seen tliat, aa we pass 
npward in tbe aeries, the boiliiig-point becomes higher and higher. 
'riie fii-at three members are gases at oi'dinary temperatures, while | 
the last boils at 278°. The elevation in the boiling-point is | 
U} some extent regular, as will be observed. The dillerenee i 
between butane, C,H,„, and pentane, C3wf is 38 — 1 = 37° ; 
that between pentane and the next member is 70 — 38 = 32° ; 
between hexane and heptane it is 98.4 — 70 = 28.4:° ; between 1 
heptane and octnne, 125 — 98. i = 26. 6°; and, finally, between 1 
octajic and nonane the difference is 148 — 125 = 23°. Thus it J 
will be seen that the elevation in boiling-point caased by the I 
addition of CIIj decreases as we pass npward in the series. 
Other relations have heen pointed out, but it would be prema- 
ture to discuss them here. 

The chief natural source of the paraffins is petroleum ; but 
although this substance, which occurs in such enormous quanti- 
ties in nature, uudonbtedly contains a number of the members 
of the paraffin series, it is an extremely diiHeult matter to 
isolat« them fVom the onixture. Pi-olonged fractional distilla- 
tion is not sufficient for the purpose. If, however, some of tlie . 
purest products which can thus be obtained ai'e treated with 
concentrated sulphuric acid, aud afferwardB with coucenti-ated 
nitric acid, and theu washed aud redistilled, they can be 
obtained in pure condition. 



Petroleum. — Petroleum occurs in enormous quantities in i 
several places. Among the most important localities are 
Pennsylvania, the Crimea, the Caucasus, Persia, Burmah, 
China, etc. In some places it issues coustuntly ftom the eaiiJi. 
Usnally it is necessary to bore for it. When one of the cavi- 
ties in which it is contained in punctured, the oil is forced out 
of a pipe inserted info the opening in a jet, in consequenee of 
tlti&ldti^.uie.ejterted upon it by the gaseous constituents. Aa.— 
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first obtained, it is usually a dark, yellowish-green liquid, wilii |-i 
an unpleasant odor. It varies in api)earance according to the 
place in which it is found. American petroleum contams the 
lowest members of the paraffin series ; and when the oil is 
exposed to the air the gases are given off. 

Rejinhuj of j^etroleum- To render petroleum fit for use in 
lamps, it is necessary that the volatile portions should be 
removed, as they form explosive mixtures with air, just 9S 
marsh gas does. It is also necessary to remove the higher 
boiling portions, because they are semi-solid, and would clog 
the wicks of the lamps. The crude oil is therefore subjected to 
distillation, and only those pai-ts which have a certain specific 
gravity or l)()il between certain ix)ints are used for illuminating 
puri)os(»8, under the name of kerosene. Besides being distilled^ I 
the oil must further be treated with concentrated sulphuric 
acid, which removes a number of undesirable substances, an^ 
afterwards with an alkali, and then with water. All these 
l)rocesscs taken together constitute what is called the refining 
of petroleum. In the distillation, the lighter products are 
usually divided into several parts, according to the specific 
gravity or boiling-point. Thus we have the products cymogene, 
rhigolene, gasoline^ rnqylitlia^ and benzine^ all of which are 
lighter than kerosene. It must be distinctly understood that 
the substances here mentioned are not pure chemical indi- 
viduals. The names are commercial names, each of which 
applies to a complex mixture of hydrocarbons. From the 
heavier products, that is, those that boil at higher tempera- 
tures than the highest limit for kerosene, paraffin^ which is a 
mixture of the highest members of this series, is made. 

Owing to the danger attendant upon the use of improperly 
refined petroleum, laws have been enacted relating to the 
properties which the kerosene exposed for sale must have. 
These laws, which differ somewhat in different countries and 
different parts of the same country, relate mostly to what is 
called the flashing-point. This is the temperature to which the 



MT^-^ 



im\ must be heated before it takes fire when a flame is apijlieLl 

to it. TLe legal flasliiog-point in many parts of tbe Uuited 

Slates is 44°. A simple and accurate instrument for deter- 

mmiDg the Iliisliiiig-point is liere described : The cylinder A 

Is at least 2.5™ in diameter, and at least IC"" !ong. Just 

within the cork the bent tube eontraets 

to a small orifice. At d it is connected 

with a hand-bellows or a gas-holder ; 

the flow 111' air is controlled by a piuch- | 

cofk. The cylinder is filled with oil to I 

a |>oint snch that, when the air is 

ning. the surface of the foam is about 1 

Si™ from tlie top ; aod it ia then put 

in a water-hath to the level of the oil. 

Air is now passed through dch, and e so 

ndjiisted that ahoiit 0.5™ foam is kept J"b-3- 

Ou tbe surface of the oil. From degree to degree the teat is 

inade by hriuging a small flame for an instant to the month of 

A. At the dashiDg-poiut tbe vapor ignites, and the bluish flame 

ruus down to the sm'face of the oil. 



Expertmeat 31. Make e 
the flashing-points of two o 
available . 



a apparatus like the above, and determine 
three specimens of kerosene that may be 



Synthesia of the parafflns Although the paraffins occur 

in nature, and a few of them can be obtained in pm.-e condition 
from natural sources, we are dependent upon synthetical oper- 
ations performed in the laboratory for our knowledge of the 
scries and the relations existing between them. 

We have already seen how ethane can be prepared from 
methane by treating methyl ioillile with ziuc or sodium, as 
Rented in this equation ; — 

CHj,I + CH,I -I- 2 Nft = CoHo -I- 2 NaT. 
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This method has been extensively used in the building up of 
higher members of the series. Thus from ethane we can make 
ethyl iodide, and by treating this with sodium get butane 

C2H5I 4- C2H5I 4- 2 Na = C4H,o -f- 2 Nal. 

Hut we can get tlie intermediate member, propane, CsHg, by 
mixing methyl iodide and ethyl iodide and treating the mixture 
with sodium : — 

CH3I 4- C2H5I 4- 2 Na = CH3.C2H5 4- 2 Nal. 

\\y applying this method, it is plain that a large number of the 
members of the paraffin series might be made. 

Another method consists in treating the zinc compounds of 
the radicals, like zhic ethyl, Zn(C2H5)2, with the iodides of rad- 
icals. Thus zinc methyl and methyl iodide give ethane ; zinc 
ethyl and etliyl iodide give butane ; zinc ethyl and methyl 
iodide give propane, etc. : — 

Zn(CH3)2 4- 2CH3I = 2C2H5 + Znia; 
7ai{CM,), 4- 2 C2H5I = 2 C.Hio 4- Znl^; 
Zn(C,,H5)2 + 2CH3I = 2C3H8 4- Znlg. 

Paraffins can be made by replacing the halogen in a substitu- 
tion-product by hydrogen. This dan be effected by nascent 
liydrogen or by hydriodic acid : — 

C4H9I 4- 2 H = C.Hio + HI. 

Mnallv, the paraffins can ])e made by heating the acids of the 
formic acid sorios with an alkali. This has been illustrated by 
the preparation of marsh gas from acetic acid by heating with 
lime and caustic potash. The reaction may be written thus : — 

CH3.CO2K 4- KOH = CH4 4- CO3K2. 
The products are a hydrocarbon and a carbonate. 
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iBomerism among' the parafQ.ns. — It has already been 

stated that the evidence is almost conclusive that each of the 

toTir hydrogen atoms of marsh gas bears the same relation to the 

carbon, and hence we believe that, as regards the nature of the 

product, it makes no difference which hydrogen atom is replaced 

by a given atom or radical. According to this, as ethane is the 

methyl derivative of marsh gas, it makes no difference which of 

the hydrogen atoms of marsh gas is replaced bj^ tiie methj I, the 

product must always be the same, or there is hut one ethane 

possible according to the theory. This is represented by the 

H H 

I I 
formula, H — C — C — H, or HgC — CHg. In ethane, as well as in 

I I 

H H 

methane, all the hydrogen atoms bear the same relation to 
the molecule, and it should make no difference which one is 
replaced by methyl. But propane is regarded as derived from 
ethane by the substitution of methyl for hydrogen ; and, as it 
makes no difference which hydrogen is replaced, there is but 
one propane possible. Only one has ever been discovered, and 
this must be represented thus : — 

H H H 

I I I 
H-C-C-C-H, or CH3.CH2 .CHg. 

I I I 
H H H 

Now, continuing the process of substitution of methyl for hydio- 

gen, it appears that the theory indicates the possibility of the 

existence of two compounds of the formula C4H10. One of 

these should be obtained by replacing by methyl one of the three 

hydrogens of either method group of propane. It is represented 

by the formula : — 

H H H H 

I I 1 I 
H-C-C-C-C-H, or H3C.CH,.CH2.CH3. 
i I I i 
H if H II 
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The other should be oT)tained by replacing by methj-I one of Ite 
two hydrogens of the group CH2 contained in propane. This 
would give a hydrocarbon of the formula : — 

H H H CH3 

III I 

H - C - C - C - H, or CHs - CH - CHj. 

I I I 
H C H 

II H H 

Tlie theory then indicates the existence of two butanes. Ho^ 
about the facts ? Two, and only two butanes have been discCV- 
ered. The first, which occurs in American petroleum, has been 
made synthetically by treating ethyl iodide with zinc : — 

2CH3.CH2I + Zn = CH3.CH2.CH2.CH3 + Znl2. 

The method of synthesis clearlj^ shows which of the two possi- 
ble isomerides the product is. It is known as normal butan^* 
It is a gas which can be condensed to a liquid at +1°. 

The second, or isobutane, is made from an alcohol which 
will be shown to have the structure represented by the formula 
CII3 

CII3 _ c - OH (see Tertiary Butyl Alcohol, p. 124) , by replacing 

CH3 
tlie hydroxyl by hydrogen. It is a gas which becomes liquid 
at -17°. 

The differences between the two butanes are observed princi- 
pally in their derivatives. 

Applying the same method of consideration to the next 
member of the series, how many isomeric varieties of pentane, 
C5H12, may we expect to find ? The question resolves itself into 
a determination of the munber of kinds of hydrogen atoms con- 
tained in the two butanes, or the number of relations to the 
molecule represented among the hydrogen atoms of the butanes. 
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I make this determination best by examining the struc- 
rmulas. Take first normal butane : — 



H 


H H 


II 


1 


1 1 


1 


H-C- 


-C-C- 


-C-H. 


1 


1 1 


1 


H 


H H 


H 



there are plainl}^ two different relations represented ; 
at of each of the six hydrogens in the two methyl groups, 
t of each of the four hydrogens of the two CH2 groups. 
possible methyl derivatives of a hydrocarbon of this 

are therefore to be represented thus : — 

H3C .GH2 •C'H2*^"-2»C'H3j (1) 

H3C.CH,.CH<^J5». (2) 

CII3 

I 

aking isobutane, HC — CH3, we see that it consists of 

CH3 
lethyl groups, giving nine hydrogen atoms of the same 

id one CH group, the hydrogen of which bears a dif- 

elation to the molecule from that which the other nine 

here are therefore two possible methyl derivatives of 

ae which must be represented thus : — 

CHs 

I 
CH2.CH3 (3), and H3C - C - CHg. (4) . 

I 
CH3 

e, therefore, apparently four pentanes. But on compar- 
nulas (2) and (3) , it will be seen that, though written a 
fferently, they really represent one and the same com- 
Thus the number of pentanes, the existence of which 
;ated b}' the theory, is three, and these are represented 
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by formulas (1), (2), and (4). Tliey are all knovm, Th^ 
first is called normal pentane, the second iso-pent€Uie of 
di-methyl-ethyl-methane, and the third tetra-methyl-me- 
thane. 

It would lead too far to discuss all the methods of prepara- 
tion and the properties of these hydrocarbons. It will be seen 
that the methods of preparation show what the stnicture of a 
hj'drocarbon is. I)i-methyl-ethyl-methane is made from an 
alcohol which can be shown to have the formula 

^JJ^^CH.CHg.CHaOH, 

by replacing the hjdroxyl by hydrogen. Hence its structure is 
that represented above by formulas (2) and (3). 

Tetra-methyl-methane is made hy starting with acetone. 
Acetone has been shown to consist of carbonyl in combina- 
tion with two methyl groups, as represented in the formula 
CHg— CO— Cllg. It has also been shown that, by treating 
acetone with phosphorus pentachloride, the oxygen is replaced 
by chlorine, giving a compound of the formula CH3— CCI2 — CHg. 
Now, b}' treating this chloride with zinc-methyl, the chlorine is 

replaced by methyl thus : — 

CH3 

I 
CH3-CCI2-CH3 + Zn(CH3)2 = CH3-C-CH3 -f ZnCla. 

I 
CH3 

• 

The product is tetra-meth3'l-methane, and the synthesis thus 
effected shows at once what the structure of tlfe product is. 

Hexanes. — The student will now be prepared to apply the 
theory to the determination of the number of hexanes possible. 
He will find that there are five. The theory is, in this case as in 
the preceding, in perfect accordance with the facts. There are 
five and only five hexanes known. Only the names and formu- 
las of these will be given here : — 
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1. Normal hexane, CH3.CH2.CH2.CH2.CH2.CH8. 

2. iBO-hexane, CH3.CH2.CH2.CH< 

3. Methyl-di-ethyl-methane,CH3.CH< 



CH3 



CH3 

0x12 • 0113 



4. Tetra-methyl-ethane, JJ*^ > HC-CH < ^^». 

H3C CH3 

CH3 

I 

5. Tri-methyl-ethyl-methane, H3C-C-CH2.CH3. 

I 
CH3 

Passing upward, we find that nine heptanes are possible 
according to the theory, while but four have thus far been 
discovered ; and that, while theory indicates the possibility of 
the discovery of eighteen hydrocarbons of the formula CgHig, but 
three are known. The theoretical number of isomeric varieties 
of the highest members of the series is very great, but our 
knowledge in regard to these highest members is very limited, 
and it is impossible to say whether the theory will ever be 
confirmed by facts. It may be that there is some law limiting 
the number of complicated hydi'ocarbons. It is, however, idle 
to speculate upon the subject at present. It is well for us to 
keep in mind that a thorough knowledge of a few of the simplest 
members of the series is all that is necessary- for the present. 

On examining the formulas used to express the structure of 
the hydrocarbons, we find that they can be divided into three 
classes : — 

(1) Those in which there is no carbon atom in combination 
with more than two others ; as, — 

Propane .... CH3.CH2.CH3; 
Normal butane . . CH3.CH2.CH2.CH3; 
Normal pentane . CII3.CH2.CH.2.CH2.CH3; 
and Normal hexane . . CH3 . CH2 . CHg . CHj . CH2 . CHg. 
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(2) Those in which there is at least one carbon a 
combination with three others; as, — 

CH 
Isobutane . . . . CH3.CH< ^; 

CHa 



Isopentane . . . CH3.CH2.CH< ^; 



Isohexane .... CHg .CHj .CHa .CH < ^"^ 



3 

CHj 
CII ' 



and Tetra-methyl-ethane, J^^^ > CH -CH < ^^\ 

HgC CHg 

(3) Those in which there is at least one carbon atom 
combination with four others; as, — 



Tetra- 
meth 



CH3 

I 



a-methyl- ) ' ^ 

,, r • • CH3-C-CH3; 

ethane ) ^ . ^' 

CH3 



CH3 

and Tri-methyl-ethyl- 1 ' 

^ methane | ' CJI.-C-CHg. 

CH3 

The members of the first class are called normal paraffins 
those of the second class, iso-paraffins; and those of the thin 
class, neo-paraffins. 

Only the members of the same class are strictly comparabl 
with each other. Thus it has been found that the boiling-point 
of the normal hydrocarbons bear simple relations to each other 
and that the same is true of the iso-paraffins ; but, on compar 
ing the boiling-points and other physical properties of norma 
3araffins with those of the iso- or neo-paraffins, no such simpl 
elations are observed. 
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Regarding the names of the paraffins, the simplest nomen- 
clature in use is that according to which the hydrocarbons are 
all regarded as derivatives of methane. Thus we get the 



for isobutane, C 



C2H5 

H 

H ' 

H I "^""3 

pjj' ; tetra-methyl-methane, C j ^^J, etc 



name ethyl-methane for propane, C 

rCH, 



tri-methyl-methane 
CH, 



H 



CH, 



CHAPTER IX. 

OXYGEN DERIVATIVES OP THE HIGHER MEM- 
BERS OF THE PARAFFIN SERIES. 

We are now to take up the derivatives of the higher mem- 
bers of the paraffin series, just as we took up the derivatives of 
methane and ethane. Not much need be said in regard to the 
halogen derivatives. A few of them will be mentioned in con- 
nection with the corresponding alcohols. The chief substances 
which will require attention are the alcohols and acids. 

1. Alcohols. 

Normal propyl aloohol, C3H7.OH. — When sugar under- 
goes fermentation, a little propyl alcohol is alwajs formed, and 
is contained in the " fusel oil." From this it can be separated 
by treating those portions which boil between 85° and 110° 
with phosphorus and bromine. The bromides of the alcohols 
present are thus formed (what is the reaction ?) , and these are 
separated by fractional distillation. The bromide correspond- 
ing to propyl alcohol is then converted into the alcohol (how 
can this be done ?) . 

It is a colorless liquid with a pleasant odor. It boils at 97.4° 
(compare with the boiling-points of methyl and ethyl alcohol) . 
It conducts itself almost exactly like the first two members of 
the series. By oxidation it is converted into an aldehj'de, 
CaHgO, and an acid, CgHgOa, which bear to it the same relations 
that acetic aldehyde and acetic acid bear to ethyl alcohol. 

Secondary propyl or isopropyl alcohol, C3H7.OH. — 
The reasons for regarding the alcohols as hydroxyl derivatives 
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' Uie hydrocarbons Lave been given pretty fully. Aa the eis 
^nigen atous of ethane are all of the same kind, but one 
8lj] alcohol appears to be possible and only one ia known, 
t JTiat 8B there are two butanes or methyl derivatives of pro- 
be, so there are two bydroxyl derivatives of propane ; or, in 
■ words, two propyl alcohols. The first is the one obtained 
tlrom " fusel oil," the otiier is the one called seeoudary propyl 
alcohol. This has already Iwcn referred to nuder the head of 
Acetone (see p. 7'2), where it was stated that acetone is con- 
verted into secondary propyl alcohol by uaacent hydrc^en. 
We are, in fact, dependent upon this method for the prepara- 
tion of the alcohol. 

It is, like ordinary propyl alcohol, a colorless liquid. It 
boilB at 85°. While all its reactions show that it is a hydroxide, 
under the influence of oxidizing agents it conducts itself quite 
difltrently from the alcohols thus far considered. It is con- 
verted first into acetone, C'jH^, which is isomeric with the 
aldehyde obtained from ordinary propyl alcohol ; by further 
oxidation, it however does not yield an acid of the formula 
CjHgOj, as we should expect it to, bat breaks down, yielding 
two simpler acids; viz., formic acid, CHjO^, and acetic acid, 
CMH,Oa. 

Secondary aloohols. — Secondary propyl alcohol is the 
simplcHt representative of a claas of alcohols which are known 
aa secondary alcohols. They are made by treating the ketones 
with nascent hydrogen, and are easily distinguished from other 
alcohols by their conduct towards oxidizing agents. They 
yield acetones containing the same number of carbon atoms, 
and then break down, yielding acids containing a smaller nuin- 
^^ber of carbon atoms. 

^b, Is there anything in the structure of these secondary alcohols 
^M^ suggest an explanation of their conduct? Secondary pro- 
^HbjI alcohol is made from acetone by treating with nascent 
^Bhydrogen. Acatouc contains tww methyl gruiipe and carbonyl. 
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as represented by the formula CHg— CO— CHg. The sim- 
plest change that we can imagine as taking place in this com- 
pound under the influence of hydrogen is that represented in 
the following equation: — 

CH3-CO-CH3 + H2 = CH3-CH.OH-CH3. 

The very close connection existing between acetone and second- 
ary propyl alcohol, and the fact that there are two metlnl 
groups in acetone, make it appear probable that there are also 
two methyl groups in secondary propyl alcohol, as represented 
in the above equation. On the other hand, the easy transfor- 
mation of primary propyl alcohol into propionic acid, which can 
be shown to contain eth3'l, shows that in the alcohol ethyl is 
present. Therefore, we may conclude that the difference 
between primary and secondary propyl alcohol is that the 
former is an ethyl derivative and the latter a di-methyl deriva- 
tive of methyl alcohol, as represented by the formulas : — 



C 



H ^ I H P J CH3 

OH 

Methyl alcohol. Ethyl methyl alcohol or Dimethyl methyl alco- 

ordinary propyl al- hoi or secondary 

cohol. propyl alcohol. 



H 

OH '^OH 




Primary propyl alcohol is methyl alcohol in which one hydrogen 
IS replaced by a radical^ while secondary propyl alcohol is 
methyl alcohol in ivhich two hydrogens are replaced by radicals. 
An examination of all secondary alcohols known shows that 
the above statement can be made in regard to all of them. 
They must be regarded as derived from methyl alcohol by the 
replacement of two hydrogen atoms by radicals. The alcohols 
of the first class, like methyl, ethyl, and ordinary propyl alco- 
hols, which are derived from methyl alcohol by the replacement 
of one hydrogen by a radical, are called primary alcohols. 
Another way of stating the difference between primary and 
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secondary alcohols is this : Primary alcohols contain the group 
CH2OH ; secondary alcohols contain the group CHOH. These 
statements necessarily follow from the first ones. 

A primary alcohol, when oxidized, yields an aldehyde and an 
acid containing the same number of carbon atoms as the 
alcohol does. 

A secondary alcohol, when oxidized, yields an acetone, and 
then an acid or acids containing a smaller number of carbon 
atoms. 

Recalling what was said regarding the nature of the changes 
involved in passing from an alcohol to the corresponding alde- 
hyde and acid, we see that the formation of the acid is impossi- 
hle in the case of a secondary alcohol. In the case of a 
primary alcohol, we have : — 

^R 
H 
H 
OH 

Alcohol. Aldehyde. Acid. 



c 




C-^ OH. 

lo 



.1 




(n the case of the secondary alcohol, we have : — 

R 
R 
H 
OH 

Secondary alcohol. 

t^irther introduction of oxygen cannot take place without a 
breaking down of the compound. It will be seen that the 
formulas used to express the structure of the compounds are 
remarkably in accordance with the facts. 

Butyl alcohols, C4H9.OH. — Theoretically, there are two 
possible hydroxy 1 derivatives of each of tlie two butanes, 
making four butyl alcohols in all. They are all known. Two 
are primary alcohols. 
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1. Normal butyl alcohol, CH3.CH2.CH2.CH2.OH. 

2. Isobutyl alcohol, ^^^ > CH .CH2OH. 

The third is a derivative of normal butane, and is a secondary 
alcohol. 

3. Secondary butyl alcohol, CH3.CH2.CH<^5^ . This 

CH3 

alcohol is prepared by treating ethyl-methyl ketone with nascent 
hydrogen : — 

CI13.CH2 — CO — CH3 -j- H2 = CH3.CH2.CH <c • 

CHg 

(Compare this with the reaction for making secondary propyl 

alcohol.) CH3 

I 

4. Tertiary butyl alcohol, CH3-C-OH. The fourth butyl 

alcohol has properties which distinguish it from the primary and 
secondary alcohols. When oxidized it yields neither an alde- 
hyde nor an acetone, but breaks down at once, yielding acids con- 
taining a smaller number of carbon atoms. Assuming that every 
primary alcohol contains the group CH2OH, and that every sec- 
ondary alcohol contains the group CHOH, it follows that the two 
primary butyl alcohols and secondary butyl alcohol must have 

the formulas above assigned to them ; and it follows further, that 

CH3 
I 
the fourth butyl alcohol must have the formula CH3 — C — OH, 

CH3 
as this represents the only other arrangement of the constituents 

possible, according to our theory. This formula represents a 
condition which does not exist in either the primary or second- 
ary alcohols. It is methyl alcohol in which all the hydrogen 
atoms, except that in the hydroxyl, are replaced by methyl 
groups, and it contains the group C — (OH). Such an alcohol 
is known as a tertiary alcohol^ and the one under consideration 
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called tertiary butyl nh-ohol. It is tbe simplest ilcrivative of 

a claas of which but few inemberB are known. 

Tertiary butyl alcohol is made by a complicated reaction 

IwMcli canuot easily be interpreted; Tiz., by treating acetyl 

Icliloride, CHj-CJOCl, with zinc methyl, Zn(CIl3)!,. These two 

■«ubstauces unite, forming a crystallized compound; and, when 

^.thia is treated with water, it breaks up, yielding aeveral products, 

noag which is tertiary butyl alcohol. By taking other acid 

lloridea. and the zinc compounds of other radicuk, other 

tiary alcohols may be obtained. 

Ckarac/pristtcs of the thire Classes of AJcohuU. To rrpcapitu- 
llate briefly, we find, in studying the hydvoxyl derivatives of the 
■ liydrocarbons, that they can be diviJed into thi'ee claBses, ao- 
I cording to their coiiduct towards oxidizing agents. 

To what was said above regarding the conduct of primary 
I and secondary alcohols we can now add: Tertiary alcohols 
I yield neitlier aldehydes nor acetones, but break down at once, 
I yielding simpler acids. 

The general formulas representing these three kinds of alco- 



NoTK roR Stwdkst. — Show how ttic rornniia for tbe tertiary nlco- 
\ hols Is In acfordance with the fact that these alcohols do not yield 
I »ldehydtf8 nor ketones. 



Pentyl alcohols, CsH,i.OH. —These alcohols are the hy- 
^<lm^ derivatives of the peutanes. Eight are jioaaible, and 
of these are known. Only two of them need be con- 
here. These are the so-called amyl cdoohoh. 
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Inactive amyl alcohol, ^^^ > CH - CH2 - CH2OH. — 

This alcohol, together with at least one other of the same 
composition, forms the chief part of the fusel oil obtained in 
the fermentation of sugar. By fractional distillation of fusel 
oil ordinary commercial amyl alcohol is obtained, as a colorless 
liquid, having a penetrating odor, and boiling at 13 1** to 132°. 
This can be separated by other methods into two isomeric 
alcohols, one of which is inactive amyl alcohol and the other 
active am^l alcohol. The names refer to the behavior of the 
substances towards polarized light, the former having no action 
upon it, the latter turning the plane of polarization^ to the left. 
When oxidized, inactive amyl alcohol yields an acid contain- 
ing the same number of carbon atoms, and is, therefore, a 
primary alcohol. The acid has been made by simple reac- 
tions which show that it must be represented by the formula 

/-ITT 

3>CH.CH2.C02H. Therefore, the alcohol has the structure 
represented by the foimula ^>CH.CH2.CH20H. 

Active amyl alcohol, CH3.CH2.CH<Qg'Qg.— This,as 

has been stated, is obtained, together with the inactive alcohol, 

from fusel oil. Not enough is known about it to enable us to 

say with certainty whether the above formula represents its 

structure or not. It is a primary alcohol as represented. 

The remaining members of the series will not be considered, 

though a list of some of the more important ones is given 

below. As regards the naming of the alcohols, it is best to 

refer them to methyl alcohol, just as the hydrocarbons are 

referred to marsh gas. For this purpose methyl alcohol is 

called carbinol^ and we then get such names as methyl-carbinol, 

di-ethyl-carbinol, etc., which conve}^ at once an accurate idea 
< 

1 This is not the proper place to explain exactly what is meant by these expressions. 
To the student of physics they convey definite meanings. To one who has not studied 
physics they are meaningless. 
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^-^M ^^ceming the structure of the substances. A few illustrations 
will suffice. Take the alcohols considered above : — 



Ethyl alcohol is methyl-carbinol, 



C 



< 



Primary propyl alcohol is ethyl-carbinol, C 



< 



CH3 
H 

H ' 
OH 

CH2CH3 
H 

H ' 
OH 



CH 



Secondary propyl alcohol is di-methyU ) ^ J CH 
carbinol, ) ] H 



V. 



Tertiary butyl alcohol is tri-methyl-carbinolj C 



OH 

CH3 
CH3 
CH3 
OH 



rCH2.CH< 



Inactive amyl alcohol is isobutyl-carbinol, C 



CH. 
CHc 



< 



H 
H 



V. OH, etc., etc., 

a name given to it on account of the presence in it of the iso- 

, _ CHo 

butyl group CHj.CH < qjj . 

The following table will give an imperfect idea of the extent 
to which the series of alcohols derived from the paraffins is 
developed. There are eight hexyl alcohols and four heptyl 
alcohols known. Of most of the higher members but one 
variety is known. They are not important, except in so far 
as they indicate the possibility of the discovery of other 
alcohols. 
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ALCOHOLS OF THE METHYL ALCOHOL SERIES. 

SeUIES CnHgn + i.OH. 

Methyl alcohol CHs-OH. 

p:thyl ** C2H5.OH. 

Propyl • CsHy.OH. 

Butyl - C4H9.OH. 

IViityl '' QHn.OH. 

Hexyl - • . . CeHis.OH. 

lltptyl - CyH^.OH. 

Octyl '' CgHiy.OH. 

Noiiyl '' C»Hi9.0H. 

Cetyl '' CieHgg.OH. 

(;<iryl '' Cg^Ha.OH. 

Myricyl '' CaoHei-OH. 

2. Aldehydes. 

In gonoral, it follows from what has been said eoncerni 
the properties of primary alcohols, that there should be 
akh^hyde (corresponding to every primary alcohol. Many of the 
have becjn prepared. They resemble ordinary acetic aldehyde 
closely that it is unnecessary to take them up ihdividuaUy. 
we know the structure of the alcohol from which un aldehyde 
formed by oxidation, we also know the structure of the aldehyc 

Besides the one method for the preparation of aldehyd 
which has been mentioned, viz., the oxidation of prima 
alcohols, there is one other which should be specially notice 
It consists in distilling a mixture of a formate and a salt 
some other acid. Thus, if a mixture of an acetate and 
formate be distilled, acetic aldehyde is formed as represent 
by the equation : — 

CII3.COOM ^ cHg.COH + MaCOg. 

H.COOM ' -r 2 8 

Aldehyde. 
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lis method has been used to a considerable extent in making 
e higher members of the series. 

Experiment 32. Mix about equal weights of dry calcium formate 
id dry calcium acetate. Distil from a small flask. Collect some of 
le distillate in water, and prove that aldehyde is formed. 

3. Acids. 

Formic and acetic acids are the first two members of an 
omologous series of similar acids, generally called the fatty 
dds^ on account of the fact that several of them occur in large 
uantities in the natural fats. The names and formulas of 
ome of the principal members are given in the following 
able. The reasons for representing the acids as compounds 
ontaining the carboxyl group, CO2H, have been given, and 
leed not here be restated: — 

FATTY ACIDS. 

Series CnHgn+i-COgH, or CnHgnOg. 

Formic acid H.CO2H. 

Acetic " CH3.CO2H. 

Propionic " C2H5.CO2H. 

Butyric " C3H7.CO2H. 

Valeric " C4H9.CO2H. 

Caproicor ) p tt PO R 

Hexoic acids ) 

(Enanthylic or ) r tt pn tt 

Heptoic acids ) 

^T^"^*?^ ] C,H„.CG.H. 

Octoic acids 3 

Pelargonicor | C«H„.CO^. 

Nonoic acids ) 

Capric acid C9H19.CO2H. 
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Laurie acid C11H23.CO2H. 



Myristic 

Palmitic 

Margaric 

Stearic 

Arachidic 

Behenic 

Hyenic 

Cerotie 

Melissie 



ClfiHsi .CO2H. 
0]grl33 .002x1. 
1^17X135 •OO2U. 

^^21x143 . l^vJjU. 
1^24X1.^ ,\j\J^tL» 

L'2frU.53 • 002x1 • 



Although, as will be seen, a large number of fatty acids are 
known, most of them included in the list are at present merely 
curiosities, and need not be studied specially. Not more than 
six in addition to formic and acetic acids will require attention. 

Propionic acid, CaHeOziCaHg.OOaH). — Propionic acid is 
formed in small quantity by the distillation of wood, and by the 
fermentation of various organic bodies, particularly calcium 
lactate and tartrate. It is prepared most readily by treating 
ethyl cyanide (propio-nitrile) with caustic potash : — 

C2H5.CN + KOH + H2O = C2H5.CO2K + NHs. 

Other methods for preparing it are the following : — 

(1) By reducing lactic acid with hydriodic acid. (This will 
be explained under the head of Lactic Acid, which see.) 

(2) By the action of carbon dioxide upon sodium ethyl : — 

CO2 + NaCgHs = CgHs.COgNa. 

It is a colorless liquid with a penetrating odor somewhat re- 
sembling that of acetic acid. It boils at 140°. (Compare with 
boiling-points of formic and acetic acids.) 
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It yidda a. large number of derivatives correspouding to 
IwOBe obtained from acetic acid. 




SoTB FOB Stddhnt. — What la proplonyl chloride? and how can It 
I be prepared? It Is analogous to acetfl chloride. 

iTLe simple snbstitntLon- products of propionic acid present an 
(resting aud instructive ease of isomeriam. It ie found that ' 
two clilor-prop ionic acids, two brom-proiiionic acids, 
*tc Tlioae products whicll are obtained by direct treatment of 
propionic acid with substituting agents arc called a-products, 
and the isomeric substances ^-products. Thus we have a-cldor- 
propionic and a-bmm-proidonic add, made by treating propionic 
acid with chlorine and bromine ; and j3-chlor-propioniG acid and 
^-bj-om-propionic acid, made by indirect methods. The differ- 
ence between these two series of derivatives is due to difCereut 
relations between the constituents. Our usual method of repre- 
Bentation indicatfia the possibility of the existence of two iao- , 
meric chlor-propionic acids, and of similar raouo-anbatitution 
products of propionic acid. The acid is represented thus ; — 

ciis.cn^.cOiH. 

Now, if chlorine should enter into the compound, as represented 
bjtUe formula CH3Cl.CHa.COsH, (1) we should have one o( 
tliu clilor-propiouic acids ; while, if it should enter as indicated 
in tbe forainla CHa.CHCl.COjII, (2) we should have the iso- 
meric product. We have thus two chlor-propionic acids actu- 
ally known, and our theory gives us two formulas. How can 
we tell which of the formulas represents a-chlor-propionic acid, 
and which tbe (8-acid? We can tell only by carefully study- 
ing all the reactions and methods of formation of both com- 
pounds. The best evidence is furnished by a study of the lactic 
acids, which will be shown to be mo no -substitution products of 
propionic acid. It will be shown that a-chlor-propionic acid 
can be transformed into a lactic acid the structure of which is 
represented by tbe formula CH,.CH(OH).COjH, and that, by 
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replacing the hydroxyl of this lactic acid by chlorine, a- 
propionic acid is formed. It therefore follows that formu 
above given is that of a-chlor-propionic acid, and formu 
that of ^-chlor-propiouic acid. Further, any mono-substi 
product of propionic acid which can be made directly 
a-chlor-propionic acid, or converted directly into this acid 
a-product, and has the general formula 

CH8.CHX.CO2H; 

and, similarly, the )8-products have the general formula 

C/HaX^ .L'H2 .OO2H, 
in which X represents any univalent atom or group. 

Butjrrio acids, 04H802(C3H7.002H). 

Normal biUync add^ CH3.CH2.CH2.CO2H. When bu 
boiled with caustic potash, the potassium salts of but3Tic ac 
of some of the higher members of the series are found in th< 
tion at the end of the operation. Butter, like other fats, b 
to the class of bodies known as ethereal salts ; and these, 
have seen, when boiled with the alkalies are decomposed, yi 
alcohol and alkali salts of acids (saponification) . In the < 
butter and of nearly all other fats, tlie alcohol formed is gl 
Butyric acid occurs also in many other fats besides buttei 

It is made most readily by fermentation of sugar by y 
known as the butyric acid ferment. This ferment proba 
contained in putrid cheese. Hence, to make the acid, 
and tartaric acid are dissolved in water, and, after a 
certain quantities of putrid cheese and sour milk are i 
and also some powdered chalk. At first the sugar is con 
into glucose : — 

Ci2H220„ + H2O = 2 C6H,206. 

Cane sugar. Glucose. 

The glucose breaks up, yielding lactic acid, CgHgOj : — . 

C6H12O6 = 2 C3H6O3. 

Glucose. Lfictic acid. 



Ami, flnrilly, the lactiu afkl is convertuil iiit.i butjrit! acid: — 
2 CallA = C,H„0, + 2 CO,. -[- 4 H. 
Other methods for the preparation of biitj'ric acid are : — 
{!) By oxidation of normal buL.vl alcoliol ; and 
(2) By treating normal propyl cyanide, CH3 .CHj .CHjCN . 

titli caustic potash. 
The acid is & liquid having an acid, rancid odor, like that of 

nncid butter. It boils lit 103°. {Compare with the preceding 

Kids.) Like the lower memliers of t)ie series it mixes with 

ifsLer in ail proportioDs. 
Elhffl biUyrate, C3H7.CCl2C:U„ has a pleasant odor resembling 

tbt of pineapples. It is used under the name of essence oj 
I pineajiples. 



Isobutyric acid, 



CH, 
' CH, 

ilcohols the two cliloridftt, 
CH, 



> OH .COjH. — From the two propyl 
■opyl chloride, CH3 .CH^ .CH,C1, 



and iaopropyl chloride, p'J'>CUCI, 
tbeae the corresponding cyanides. 
Propyl cyanide .... 

Isopropjl cyanide . . ■ 



■an be made, nud from 

CHa.CH^.CHjCN, 
^^^>C1ICN. 



By boiling witli caustic potash, the former is converted into 
normal butyric acid, as stated above ; while the latter yields 



can be prepared 



isobutyric acid, ^^>C1I.CU,II. This 

aiao by oxidizing isobutyl alcohol, '>CU.CH.jOH. It is 

found in natura in the carob beau. 

Lsobutyric acid ia a liquid which boiis at 154°. Its odor is 
less unpleasant than that of tlie normal acid. 

Valeric aoida, CsHi„OjCC,H.j.CO,H). — Four carboxy I de- 
rivatives of the butanes arc [lowsible. Four acida of the 
formula CjIIujOa are known. 
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Inactive or ordinary valeric acid, ^-.g.' > CH.CH,.CQ 
—This acid is made by oxidizing insu-tive amjl iilcohol.l 
can also be made (tiiid this reaction reveals the stnicturoT 
the acid) by atartmg with inobutyl alcohol, ' > CH.CHjOfft ' 
converting this flrst info the chloride and tlien into the cj^anida,. 
and, finally, tranaforming the cyanide, which is ' > CH.(:H,CN. 
into the acid. It occurs in valerian root, whence ita i 
lean unpleasant HnieUing liquid, boiling at 175°. It requires ' 
thirty parta of water foi' solution. 

Amjil valerate, C,HB.C02CaHn, lias the odor uf aiiplea, and is 
used under the name of essence ofajiples. 



Active valeric acid, 



5>CH.CH-.CH;. — This acid 



' CO,H'' 

is prepared by oxidatiou of active amyl alcohol. Althou]^h the i 
alcohol turns the plane of polarization to the left, the arad. -l 
turns it to the right. The alcohol is said to l)e Iccvo-rotMoryt \ 
and the acid dextro-rotalory. 



The higher acids of the series are, for the most part, found 
in varions fats. They are dilHciiltly soluble in water. The 
highest members arc solids. The two best known, becauB* 
occurring in largest quantity, are ptthidtic and stearic acids. 
These are contained in combination with the alcohol, glycerin, ttt 
all the common fata. The fata will be treated of under tlie 
head of Glycerin. 

Palmitic acid, G|A,,00^, can be made by ^a^Kinifyiiig ] 

many fats, but especially palm-oH, from which it ia obtained 1 
mixed with only one other acid. I 

It crystallizes in needles which melt at 62°. 



Stearic acid, CHsj.COsH, is the 
particular fat known as stearin. The t 



cid c-outained in that 
i-called "stearin can- 



really made of a mixtiiro of pnlmitic and stearic 

s, ui)(l from them stearic acid can be separiited in pure form 

J long-continued fractions! cry stall iz ft tion from ether and 

biiol. 

it crjstallizea from alcohol in needlea or laminte which melt 

tpB. — In speaking of the decompoaitionB of ethereal salts 
ling with alkalies, it was stated that this process is 
isponification because it is best oxomplificd in the manu- 
of BO'ips from fata. The fats are themselves rather 
iplicated fthereal salts. When they are boiled with an 
llkali, aa causLic soda, the alcohol is liberated, and the alkali 
i of the acids are formed. These salts are the soaps. They 
in solntion aft«r the process of saponification is completed, 
can be separated by adding a solntion of common salt, in 
which they arc insoluble. 

Ezpi?rlTncnt 33. In nn Iron pot bol! about 2S)! of lard with a 

•olpllon of pauatic soda for two honra. After cooUag, add a strong 

toluliou of sodium chloride. The soap will separate and rise to the 

top of the solution, where It will finally solidify. Dissolve some of 

the soap thus obtained tn water, and filter. Add hydrochloric acid, 

Iwben the free fatty adds, mainly palmitic and stearic acids, will 

I'Mparate as solids, which will rise to the top. The hydrochloric acid 

Idmply decompoaea the aodlnm palmitato and steurate, giviug free 

.iHlmltlc and stearic acids aud sodium chloride : — 

Ci6Hj,.C0iNtt+ HCl=CisIiji.CO,II + NaCI, 
SoiUuni Pilmllule. PalmiUc ApW. 

ind Ci,H^,CO;iNa + nCl = CijHjb.CO^H + NaCl. 

Sodiiini ewsrato. Blesrlo Aoid. 



The remaining derivatives of the higher members of the 
paraffin series include the ethers, ketones, ethereal salts, 
mercaptaus, sulphur ethcra, stilphouic acids, cyanides and 
oideB] oyanates and iaucyanatee, Bulpbo-cysinatea vaA 



1S6 DERIVATIVES OF THE PARAtTlNaJ 

iso-suIpho'CyaniiteE, substituted aminoiiias and atia1<^om i 
pounds, metal derivatiTCS, and nitro-derivatives. 

A great miiDj substances belonging to these iilassee, and 
containiDg residues of the higher hydrotiarbona, have been pre- 
pared aud studied ; but, in thu main, they so closely resemble 
the simpler substances wliich have already been described that 
we should gain nothing by taking them up here iodividnally- 
The student, however, is earnestly advised to apply the princi- 
ples discussed in the first part of the book to a few other cases - 
Thus, let him tnke propane and butane, and, not only write th^ 
formulas of the derivatives whieli can be obtained from them, 
but, above all, write the equations representing the action in — 
Tolved in their preparation, and the trausformatious of whict:»- 
they arc capable. 

POLYACID ALCOHOLS AND POLYBASIC ACIDS. 
1, Di-ACiD Alcohols. 
The alcohols thus far considered are of thi^ simplest kind — 
They correspond to the simplest metallic hydi'oxides, aa potas — 
sium hydroxide, KOH. Juat as these simplest metallic hydrox — ■ 
ides are called mon-acid bases, so the simplest alcohols an^ 
called fnon-acid alcohols,'' expressions which are suggested by 
the term mono-hade acid. But, as is well known, there are 
metallic hydroxides, like calcium hydroxide, Ca(On),, barium 
hydroxide, Ba(OH)s, etc., which contain two hydroxyls, and 
are hence known as di-acid 6ases; and so, too, there ai'e d!.-acid 
alcohols which bear to the mon-acid alcohols the same relation 
that the di-acid bases bear to the mon-acid bases. Only one 
alcohol of this Idud, derived from the paralSn hydrocarbons, is 
well known. 

Ethylene alcohol or glycol, 0,HuO,[C,H,(OH)5].— Glycol 
is made by starting with ethylene, a hydrocarbou of the formula 

' The Brprennlon Bionnlomto Bloohnla la UKd by some wrlu?r9, but, ns il Is confuring, 
\l li gndnall/ ^rlli([ truy to the Doce raUonal eiproiwiDD nborc used. 
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CjH,. When this is brought together with bromine, the two 
unite directly, fomiing ethylene bnmtitie, CaHiBfa. By replacing 
tie two bromine atoniB by hydroxyl, ethylene alcohol or glycol 
is rormed. 

It is a colorless, inodorous, somewhat oily liquid, which boils 
nt 197.5°. It hR8 II sweetish taste, and is hence called glycol 
(from yXumi's, sweet). Hence, further, the other aleoliola of 
tliis series are also called plycols. 

Tbe derivatives of ethylene alcohol are uot as numerous as 
tboee of the better kuown menibei's of tbe methyl alcohol series, 
but those wliich are known arc of tbe same general character. 
The ruactions of the alcohol are the same as those of the mon- 
acld alcohols, but it pi-eseuts more possibilities. Tn most cases 
in which a mon-acid alcobol yields one derivative, ethylene 
alcohol yields two. Thus, with sodium, the two compounds, 

am be formed ; from these, by treating with ethyl iodide, the 
two ethers, ethyl-glycol ether, C^n, < ' ', and di-ethyl-glyml 
elier, C,H, < "" *, are made. By treatment with hydro- 
chloric acid, the chloride, C,H(< , known as ethylene chlor- 
hydrine ia formed ; and this, by treatment with phosphorus tri- 
chloride, can be converted iuto ethylene chloride, CoHiCL,, etc. 
Its conduct towards acids is like that of a di-acid base. It 
forms neutral and alcoholic sitlts, of which the acetates may 
survu as examples. Thus we have the 



^O.CsH^O 



Di-acetate, C3H,< 



OCjHp . 
OCjHsO' 



the former still containing alcoholic hydroxyl and corresponding 
to a basic salt ; tlie latter being a neutral compound. 
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Under the head of Acetyl Chloride (see p. 62) the action 
of acetyl chloride upon organic compounds containing oxygen 
was spoken of as affording a convenient method of determining 
whether a given substance is an alcohol or not. It is plain 
that, as the reaction which takes place between a mon-acid 
alcohol and acetyl chloride, and which is represented by the 
equation 

R.OH + C0H3OCI = R.OC2H3O + HCl, 

is due to the presence of alcoholic hydroxyl, the reaction must 
be repeated for every alcoholic hydroxyl contained in the com- 
pound ; or, at least, this result is to be expected. As a 
matter of fact the reaction is thus repeated for every alcoholic 
hydroxyl present. Hence, by treating an oxygen derivative 
with acetyl chloride, we can not only determine whether the 
derivative is an alcohol or not, but also, if it is an alcohol, 
whether it is mon-acid or di-acid, etc. Thus, suppose we 
treat ethylene alcohol with acetyl chloride. This reaction takes 
place, — 

C2H4(OH)2 + 2 C2H3OCI = C2H4<^^2jJ^^ + 2HC1; 

UO2H3U 

and a body, which analysis shows to have the composition repre- 
sented by the formula 

CeH,A(=C.H.<0^gO^, 

is formed. Such a body could only be formed b}' the introduc- 
tion of two acet3l groups into the alcohol, and we therefore 
conclude that the original substance is a di-acid alcohol. 

There are two ways in which the structure of a compound 

of the formula C2H4(OH)2 can be represented. They are, — 

CH2(0H) 
(1) I , in which each hydroxyl is represented in combi- 

CH^iOH) CH(OH), 

nation with a different carbon atom ; and (2) I , in which 



both hydroxyls are represented in combination with the same 
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I 



n atom. The queatioQ at once snggeste itself, to which of 

B formnlaa does ethylene alcohol correspond? To answer 

bqaeBlJon, we must recall what was said regardiog the two 

Jilor-ethanoa, known ae ethylene cliloHde and ethylidene cldariile. 

le former of these correapoods to the formula CHjC'I.CIIaCl, 

iwliile the latter, which ia formed from aldehyde by ivplaciiig th^ 

I cmhonyl oxygen by two chlorine atoma, ia represented by the 

forainla CHClj.CHj, When the cliloriue atoms of ethylene 

' chloride are replaced by hydroxyl, ethylene alcohol is produced. 

CH,(OH) 

Heiice, the alcohol has the formula I , or each of the 

CHj(On) 
hydr()xyl3 is in combination with a different carbon atom. 

All attempts to make the isomeric di-aeid alcohol correspond- 
ing to ethylidene chloride, and having both hyclroxyls in combi- 
nation with the same carbon atom, as represented in the formula 
CH(OR,) 

I , have faUed. Instead of getting ethylidene alcohol, 

CHa 

aldehyde ia generally obtained. Aldcliyde ia ethylidene alcohol 
miiiui: water: — 

cn(on)2 CHO 

I = I +H,0. 

CII3 CH^ 



believed that one carbon atom cannot, nnder ordinary 
circnmstancea, hold in combination more than one hydroxyl 
gi-oup. If thia ia true, then ethylidene alcohol cannot be pre- 
pared any more than the hypothetical carbonic acid, CO < , 
can be. So, too, ttie simpleat di-acid alcohol conceivable, 
VIZ., methylene alcohol, CH„(OH)j, cannot exist, but would 
bi-eali up, if formed at all, into water and formic aldehyde : — 

CHj(OH)a= HaO -|- H.CHO. 

(See diacuBBioii regarding the transformation of alcohol into 
jhyde, pp. 64-60.) 
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Ethyl alcohol, as was pointed out, may be regarded either as 
ethane in which one hydrogen is replaced by hydroxyl, or as 
water in which one hydrogen is replaced by the radical CgH,, or 
ethyl. Ethyl, like all the radicals contained in the mon-acid 
alcohols, is univalent. It is ethane less one atom of hydrogen, 
just as methyl is methane less one atom of hydrogen. Eacb 
has the power of uniting with one atom of hydrogen, or another 
univalent element, or of taking the place of one atom of- 
hydrogen. 

If we take away two atoms of hydrogen from methane aii<3 
ethane, we have left the residues or radicals CH2 and CsET^ • 
These can unite with two atoms of hydrogen, or take the plac^*^ 
of two atoms of hydi'ogen, and they are hence called bivaler^ 
radicals. 

Just as ethylene alcohol may be regarded as ethane in whic 
two h3'drogen atoms are replaced by hydroxyls, so it ma}' b- 
regarded as water iu which the bivalent radical ethylene r^ 
places two hydrogeus belonging to two different molecules o 
water : — 

O < ^^^* 
0< H 

Two molecules water. Ethylene alcohol. 



The higher members of the series of di-acid alcohols will not 
be considered here. 

2. Dibasic Acids. 

Just as there are di-acid alcohols derived from the paraffins, 
so there are dibasic acids which may also be regarded as deriva- 
tives of the paraffins. We have seen that the simplest acids, 
the monobasic fatty acids, are closely related to formic and 
carbonic acids ; that they may be regarded as derived from the 
latter by replacement of a hydroxyl by a radical, or as derived 



DIBASIC AGir 



; paraffins by the introduction of the group earboxyl, 

The coiiditioiis existing iu this group are essentii 

iKKcid pi-operties, If two carbosyls are introduced into marsh | 

I, a substance of tlie formula CH5(C0jH)g is formed, and 

8 is a dibasic acid. It contains two acid hydrogens, and i 

is callable of forming two series of suite, the acid and neutral. J 

J nits, like other dibasic acids. It may be regarded also as 1 

k derived from two molecules of carbonic acid by the replacement 8 

Bf two hydrosyls by tiic bivalf nl: radical CHj : — 



C0< 



OH 



C0< 
C0< 



OH 



The general methods of preparation available for the building I 
Dp of the scries of diljasic acids are modilications of those used 
"> making the monobasic acids. They are : — 

1 . OadfJathn of di-acid primary/ alcohols. .last as a nton- 
WiSd primary alcohol, R.CHjOH, yields by oxidation a mono- 
''^sic acid, so a di-acid primary alcoliol, R"(CHjOn)B, yields a 1 
dibasic acid, R"(COsH)i,. 

2. Treatment oftliedicj/amdes, R"(CN)i, ti>ith caustic alJcalies. 

3. Oxidation of tJie so-caited hydroxy-adds or alcohol adds. ' 
A^hese are counwnnds which are at the same time alcohol and 
*cid i 08, for examfJe, hydroxy -acetic acid, which is acetic acid | 
'tt which one of the hydrogen atoms of the hydrocarbon residue, 
tnethyl, has been replaced by hjdrosyl, as represented in the 

CH.,OH 
'orinula I ■ Wlien tliis is oxidized, the alcoholic portion, 

00,11 
t^U/iH, is converted into carboxyl, and a dibaaic acid is formed. 
i. From tlie cyanogen derivatives of the monobasic acids, 
Budi a 
the cyanogen group into cai-boxyl. 
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Oxalic 

Malonic 

Sueeinio 

Pvrotartaric 

Adipic 

Pimelic 

Suberic 

Azelaic 

Sebacic 

Brassylic 

Roccellic 



DIBASIC ACIDS, C„Il2„ 2O4. 

acid (COjH),. 

" CH2(C0aH)g. 

'' C2H4(C02H)s. 

' CaHeCCO^)^ 

' CJIsCCOjjH),. 

'' C^HioCCO^H),. 

*' CyHwCCOsH),. 

" .C8H„(C02H)2. 

" CsHisCCOaH)^. 

" CisHaoCCO^H)^. 



Of the many acids included in this list only four or five can 
be said to be well known. We may confine our attention to the 
first four members. 



Oxalic acid, CaHoOJ^CCOaHJa]. — In one sense, according to 
the accepted definition, oxalic acid is not a member of the series 
with which we are dealing, as it is not derived from a hydro- 
carbon by replacement of hydrogen by carboxyl ; nor is it 
derived from two molecules of carbonic acid by replacement of 
two hydroxyls by a bivalent radical. Still it is in other respects 
so closely allied to the members of the series, and has so many 
things in common with the other members, that it would be a 
mere act of pedantry' to consider it in any other connection. 

Oxalic acid occurs ver}^ widely distributed in Nature ; as in 
certain plants of the oxalis varieties, in the form of the acid | 
potassium salt ; as calcium salt in many plants ; in urinary 
calculi ; and as the ammonium salt in guano. 

It is formed by the action of nitric acid upon many organic 



lnumricea^ particularly the different varieties of sugar ami tbe 
I *W8l\?(l carbohydrates, bugIj as slareb, cellulose, et«. 

Eiperltnent 34. In a good-sized Qask ponr half a iitre nf ordinary 
(:()iiceiitriiti.-d nitric acid (of specific gravity 1^45) upoa 50« of sugar. 
fHtatsentiy until the reaction heglna. Then withdraw the flame, when 
* ujililMlon win proceed with some violence, and accompanied by 
f coplnns evolution of red fume?. Wlien the action has ceased. 
porate th(] liquid to onc-aisth tbe original volume, and let It 
Ml, wlii'n oxalic acid will cryRtiillize oat. Recry stall i/.e from water 
■ ai-id tlius otiiaiued, and with the pare anbHtauat: perform auch ex- 
i wiU exhibit its properties. For esample, (1) Heat a 
a at 100', and notice loss of water; (3) llcat some in a small 
i with snlpharic acid, anU prove that lioth oxidee of carbon are 



, the largo scale, oxalic acid is made by heating wo<m1 
lavings or saw-dust with caustic potash aud caustic soda to 
240° to 250°. The mass is extracted with water, and the solu- 
tion evaiKirated to crystallizatioti, wheu sodium oxalate is de- 
posited. 

Other methods, which are interesting from a purely scientific 
foint of view, are the following : — 

e spoQtaneona transformation of an aqueous solution of 

CN CO^H 

I + 4 IlaO = t +2 NHj ; 

CN COJI 

CN COs{NIIi) 



4 11,0 = 




CN COi(NH,) 

ft- Treatment of carbon dioxide with sodium ; — 
2 CO, + 2 Na = CjO,Nas. 
, Heafang sodium formate : — 

2H.C0,Nh = CANiL; + 2H. 
c acid crystallizes from water in mouoclinic prisms con- 
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taining two molecules of water (C2H2O4 + 2H2O). It 
thitt water at 100®. It sublimes without decomposition at 
to 160®, but, if heated higher, it breaks up into carbon mc 
ide, carbon dioxide, and formic acid : — 

2 C2II2O4 = 2 CO2 + CO + HCO2H + H2O. 

Sulphuric acid decomposes it into carbon monoxide, car 
dioxide, and water. Heated with glycerin to 100®, car. 
dioxide and formic acid are formed (see Formic Acid) : — 

C2H2O4 = CO2 + H.CO2H. 

It is an excellent reducing agent, and is used as a standardiz 
in preparing solutions of potassium permanganate. 

Experiment 35. Try the action of a solution of potassium pe: 
munganate on a solution of oxalic acid. Why Is It best to have th 
solution of the permanganate acid? 

Oxalic acid is an active poison. It is used in calico printing. 

JSalts of oxalic acid. Like all dibasic acids, oxalic acid forms 
acid and neutral salts witli metals. All the salts are insoluble 
except those containing the alkalies. Among those most com- 
mon ar(5 the acid potassium salt^ C2O4HK, which is found in the* 
sorrels or plants of the oocalis variety ; the amnionium saU, 
C204(NH4)2, of which some urinary calculi are formed; and 
calcium oxalate, C204Ca, which, being insoluble in water and 
acetic acid, is used as a means of detecting calcium in the 
presence of magnesium. 

Malonic acid, C3H|04[- CH,(CO,H)2].— This acid was first 
made by oxidation of malic acid (which see), and is hence 
called malonic acid. It can best be made by starting with 
acetic acid. The necessary steps are : (1) making chlor-acetic 
acid ; (2) transforming chlor-acetic acid into cyan-acetic acid ; 
(3) heating cyan-acetic acid with an alkali. 

Note fok Student. — Write the equations representing the three 
steps mentioned. 




I 
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s fi solid which crystallizes in Ifimiiue. It lu'eakB up at a 
tfrnptnitare above 132°, which is its melting -point, into cai'bon 
(lioxitic and acetic add : — 

CH,<™=^ = CH,.CO,H + COj. 

NoTK FOR Studknt. — What simple method for the preparation of 
'"arsh gas and other pariUTliis h this reaction aiiologoos to? 

Succinic acids, C.H„0,[= C,Hj(CO.,H)i]. — Considering 
tliese jicids as derived from etlianu by replacing two hydrogens 
With caiboxyl, we see tliat there may be two correa|nmding to 
ethylene and cthylidene chlorides. Two are actually known. 
One is the weli-knowu suceinic acidj the other is called iso- 
*McCT'n)c acid. 



Succinic acid, Ethylene 
This acid occiu-H in amber (hen 






CH,.CO,H 

' ch,.co,h' 



n Lilt. 



amber) ; in some varietiea of lignite ; in many plants ; and in 
the animal oi^niam, as in tlie urine of the liorae, goat, and 
rabbit. 

It is formed nnder many circumstances, especially by oxida- 
tion of fata with nitric acid, by fermentation of calcium malate, 
nod, in small quantity, in the alcoholic fernientatiou of sugar. 
Among the methods for its preparation aie : — 

CIL.CN 

1. Treatment of etbylene cyanide, | , with a caustic 

alkali:— CIL.CN 

CH,CN (;H..C(1..K 

I 

CHjCN CH,.C'0,K 

. Similarly, l>y treatment of ^- cyan -prop ionic iicid with an 
alt.s (What is ^-cy an -propionic acid?) 
,. fi^luction of tartaric and malic acids 




146 DERIVATIVES OF THE PARAFFINS. 

hydriodic acid. These well-known acids will be shown to 
closely related to succinic acid, and the reaction here mentione 
will be explained. The methods actually used in the prepan 
tion of succinic acid are: (1) the distillation of amber, an 
(2) the fermentation of calcium malate. 

The acid crystallizes in monoclinic prisms, which melt ju 
180° (try it). It boils at 235°, at the same time giving o 
water, and being converted into the anhydride : — 

C2H4 < ^2^^ = C2H4 < ^^ > O + H2O. 
COOH ' ' CO 

Among the salts ferine succinate^ C4H404.Fe(OH), is' o£ 
special interest, as it is entirely insoluble in water, and can^ 
therefore be used for the purpose of separating iron from 
manganese quantitatively. 

Experiuient 36. Make a neutral solution of ammonium succinate 
by neutraliziug an aqueous solution of the acid, and boiling off all 
excess of ammonia. Add some of this solution to a solution known to 
contain manganese and iron in the ferric state. A brown-red precipi- 
tate will be formed. Filter and wash, and examine the filtrate for iron. 

CH(C02H)2 

Isosuccinic acid, Ethylidene succinic acid, I 

CHs 

This acid is made by treating a-cyan-propionic acid with an 

alkali. (What is a-cyan-propionic acid?) 

Isosuccinic acid forms crystals which melt at 130°. Heated 
to 150° it breaks uu into propionic acid and carbon dioxide : — 

CH(C02H)2 CH2.CO2H 
I =1 + CO2. 

CH3 CH3 

IsoBUCcinic acid. Propionic acid. 

Note for Student. — Notice carefully the difference between the 
two succinic acids, as shown by their conduct when heated. What is 
the difference? 

Acids of the formula CsHsOJ^ CaHefCOaHla]. — Four 
acids of the formula C5H8O4 are known, only one of Which, 
however, need be considered here. This is, — 
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CH3.CH.CO2H 

Pyrotartaric acid, I • — As the name indi- 

CH,.C02H 

cates, this acid is made by heating tartaric acid. The reactions 
which take place are complicated, and cannot well be represented 
by equations. The reactions which point to the above formula 
are also comparatively complicated, and their discussion at this 
time would tend only to confuse the student. 



Tri-acid Alcohol**. 

The existence of mon-acid alcohols corresponding to the 
Dion-acid bases, like potassium hydroxide, and of di-acid alco- 
hols corre'sponding to the di-acid bases, like calcium hydroxide, 
suggests the possible existence of tri-acid alcohols correspond- 
ing to tri-acid bases, like ferric hydroxide. There is only one 
^cohol of this kind derived from the paraffin hydrocarbons that 
18 at all well known. This is the common substance gl} cerin. 

Q-lycerin, CsHsOs. — As has been stated repeatedly, glycerin 
occurs ver}' widely distributed as the alcoholic or basic constit- 
uent of the fats. The acids with which it is in combination are 
mostly members of the fatty acid series, though one, viz., oleic 
acid, which is found frequently, is a member of another series. 
Besides oleic acid, the two acids most frequently met with in 
fats are palmitic and stearic acids. When a fat is saponified 
with caustic potash, it yields free glycerin and the potassium 
salts of the acids. The reactions in the case of the glycerin 
compounds of palmitic and stearic acids are these : — 



Formation, 

rOH HO.OC.C15H31 rO.CO.CisHsi 

C3HJ OH -f HO.OC.CisHgi = C3HJ O.CO.CosHgi 

(oh HO.OC.C15H31 (.O.CO.CisHgi 

Glycerin. Palmitic acid. ^^^^^.^pS^JI^'^*"' 



+ 3 H,0 
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r OH IIO.OC .C17II,, r O.OC.CiyHas 

(,II,] on 4- IlO.OC.CVIIxi = QoHJ O.OC.C17II35 + 3HoO. 

(on HO.OC.C17II3., (0.OC.C17H35 

( Jlyoerin. Stearic Acid. f Hyccrin tri-8tearate, or 



S< qmn fficcUion . 
O.OCCJI,, 



ru.uu.Uisii,, 
C,IlJ O.OC.CijII^i + 3KOII = C3ll5(OH)3 + 3 CisHai • COoK. 



((>: 



OCCiitll-ii Glycerin. Potassium i>almitate. 



I'alinitin. 



O.OCC^II,, 



(,115] O.OC.C,7H»5 -h 3K0H = €311,(011)3 + 3C17H35.CO0K. 

( O.OC.C17II35 Glycerin. Potassium stcarate. 

HtiMirin. 

The fats are also decomposed by superheated steam, yielding 
free jrlycerin and the free acids, and this method is used on the 
large 8<!ale, a little lime being added to facilitate the process. 
Lead oxide decomposes fats yielding a mixture of glycerin and 
the lead salts of the acids. The mixture is known in medicine 
as " lead plaster." 

(Uycerin is formed in small quantity by the alcoholic fermen- 
tation of sugar. 

It has been made synthetically from propylene chloride, 
C3II0CL. The necessary steps are : (1) treatment with chlorine, 
giving C^-jIIsCl,; (2) treatment of the tri-chlorine derivative 
with water, thus replacing the tlu'ee chlorine atoms by hydroxyl. 

Glycerin is a thick colorless liquid, with a sweetish taste 
(compare with glycol). It mixes with alcohol and water in all 
proportions. It attracts moisture from the air. At low tem- 
peratures it solidifies, forming deliquescent crystals which melt 
at 17°. Under diminished pressure it can be distilled; but, if 
heated to its boiling-point under the ordinary atmospheric pres- 
sure it undergoes decomposition. It is volatile with water 
vapor. 
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Experiment 37. Heat a little glycerin in a dry vessel, and try to 
boil it. What evidence have you that it undergoes decomposition? 
Put 20«5 to 30*« glycerin in 400«<^ to 500<^c water in a flask ; connect with 
a condenser, and boil. Prove that glycerin passes over with the water 
vapor. 

The reactions of glycerin all clearly lead to the conclusion 
that it is a tri-acid alcohol. 

(1) The three hydroxyl groups can be replaced successively 

by chlorine, giving the compounds, — 

( CI 
Ohlorliydnn^ CsHg-j /qtt\ ; 

Dichlorhydrin^ C3H5 \ qX ; 

and TricMorhydnn^ C3H5CI3, 

which last compound is propane in which three hydrogen atoms 
are replaced by chlorine, or trichlorpropane. 

(2) It forms three classes of ethereal salts containing one, 
two, and three acid residues respectively. For example, with 
acetyl chloride these reactions take place : — 

rOH rO.CgHsO 

1. G^A OH + C2H3O.CI = C3HJ OH + HCl. 

(.OH (oh 

r OH c OC2H3O 

2. CgHs] OH -h 2 C2H3OCI = C3H5] OC2H3O -h 2 HCl. 

(oH (.OH 

rOH rOCoHgO 

3. CsHg ] OH + 3 C2H3OCI = C3H5 ] OC2H3O + 3 HCl. 

(oh ( OC2H3O 

In regard to the relations of the hydroxyl groups to the parts 

of the radical C3H5, we have very little experimental evidence, 

though it appears highly probable that each hydroxyl is in 

combination with a different carbon atom as represented in the 

CHjOH 

formula CHOH . 

I 
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In the first place, we have seen above that compounds cofl- 
taining two hydroxyls in combination with the same carbon 
are not readily formed, if they are formed at all, and we have 
had some reason for conchiding that this kind of combination 
is impossible. It would follow from this that the simplest tri- 
acid alcohol must contain at least three atoms of carbon, just 
as the simplest di-acid alcohol must contain at least two atoms 
of carl)on. We htive seen that the simplest tri-acid alcohol 

known does contain three atoms of carbon. 

CIIjOH 
I 
Further, if the formula of glycerin is CIIOH , it contains two 

CHjOH 
primary alcohol gr()ui)s, CII2OH, and we have seen that this 
group is converted into carboxyl under the influence of oxidiz- 
ing agents. Therefore, we should expect by oxidizing gl^xerin 

COoH CO,H 

I I 

to get products of the fonuulas, CIIOII , and CHOH. Such prod- 

I I • 

CII2OII COjH 

ucts actually are obtained, the first ])eing glyceric add (which 

see), and the second tartronic acid (which see). 

Just as ethyl alcohol is regarded as water in which one 

hydrogen is replaced ])y the univalent radical CjH.^^ as *„* [ O ; 

and glycol is regarded as water in w^hich two hydrogen atoms 
of two molecules of water are replaced by the bivalent radical 

^ >0 
C2H4, as C2H4 -^ n » "^^ ^^®^ glycerin may be regarded as water 

in which three hydrogen atoms of three molecules are replaced 
by the trivcUent radical C3H5, thus : — 



H.OH 


rOH 


H.OH 


CsH. ] OH 


H.OH 


(oh 


Three molecules water. 


Glycerin. 




jreal aeltB of glycerin, — Among the important \ 

I salts of glycerin are the nUratea, Two of these are , 

fO.NO, 
; viz., the mono-nitrale, C5H5J Oil , and the tri-nitrate, 

(on 

I,{ONOa)„, the latter being tbe chief constituent of nitro- 
Nitro-glyceriii is prepared liy treating glycerin with 1 
*■« mixture of concentrated sulphuric ami nitric acids. It is a 
pale yellow oil which is insoluble iu water. At —20° it , 
cr^staUizea in long needles. It espiodea very violently by ' 
concussion. It can be burned in an open vessel) but if tiented , 
above 250° it explodes. Dynwrnits is infusorial earth impreg- 
nated with nitro-glycerin. Nitro-glyceriu is the active constitu- 
ent of a number of esploeivcH. 



Fats.- — The relation of the fats to glycerin haa already been 
stated. Here it ivill be necessary onlj' to mention tbe composi- 
tion and characteristics of some of the more common fats. 

Most fata are misturet! of the three neuti-al ethereal salts J 
which glycerin forma with palmitic, stearic, and oleic acids, 
and which are known by the names palmiUn, stearin, and ol^n. 
OUin is liquid, and the other two fats are solids, stearin having 
the higher melting-point. Therefore, the larger the proportion 
of ole'in contained in a fat the softer it is, while the greater the 
proportion of stearin the higher its melting-point. Among t 
fats which are particularly rich in stearin may be mentioned 
■mattoTi fuflow, beeftaUow, and lard. Human fat and palm 
are particularly rich in palraitin. Sperm, oil and cod-liver oil • 
arc rich in oleVn. 

Butter consists of ethereal salts of glycerin and the follow- 
ing acids : niyriatic, palmitic, aud stearic acids, which are not 
volatile, and butyric, caproi'c, caprylic, and eaprie acids, which 
arc volatile with water vapors. All the acids mentioned are 
members of the fatty acid series. Some of these acids s 

i and some are insuluble in water. The percentage of 
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insoluble fatty acids contained in butter has been found to be 
88 per cent. As the proportion of insoluble fatty acids con- 
tained in artificial butters, such as the so-called oleo-margarin^ 
is greater than that contained in butter, it is not a difficult 
matter to distinguish between the two by determining the 
amount of these acids contained in them. 

Tri-basic Acids. 

There is but one acid to be considered under this head. It 
is — 

Tri-carballylio acid, C3H5(C02H)s. — This acid can be 
made from trichlorhydrin, CgHgClg (which see), by replacbg 
the chlorine by cyanogen, and heating the tricyanhydrine thus 
obtained with an alkali. It can be made also by treating 
aconitic acid (which see) with nascent hydrogen. 

It crystallizes from water in rhombic prisms which melt at 
157° to 158°. 

Tetr-acid Alcohols. 

Erythrite, 04H,o04[=04H6(OH)J. — This substance occurs 
in one of the algje (Protococcus vulgaris) and in several lichens. 
It crystallizes from water in quadratic prisms. It has a very 
sweet taste. The fact that the simplest tetr-acid alcohol con- 
tains four atoms of carbon should be specially noted. 



1^01 



There is no well known tetra-basic acid derived from the 
hydrocarbons of the paraffin series. 



Pent-acid Alcohols. 



Up to the present no penta-hydroxyl derivative of the methane 
series has been discovered. 



} BEX-ACID ALCOHOLS. 
w'Sn penta-basic add bclouging to this series 



Hex-acid AicoHOLa. 
G two iaomeric hex-acid alcohola known. Both are 
1 from hexaQG, and haTB tbe composition represented by 
IB formula CoHa(OH)j. It will be noticed that these hex-add 
sAofe contain six carbon atoms each, 

iMannite, C„Ha(OH)a. — Mannite is widely distributed in 
vegetable kingdom. It occurs most abundantly in manna,' 
iiich is tho partly dried sap of the manna-ash {Fraxinua 

%s) . It is obtained from incisiona in the bark of the tree. 
Mannite is formed in the lactic acid fermentation of sngar. 
[t is formed also by the action of nascent hydrogen on glucose 
and cellulose, or on inverted cane sugar. This indicaies a dose 
rdatiortBhip between tJie sugars and. mannite. Mannite crystal- 
Uzes in needles, or rhombic prisma, which are easily soluble in 
water and in idcoho!. It Iiaa a sweet taste. 

Nitric acid converts mannite into saccharic acid (which see) . 
Wlien boiled with concentrated liydriodic acid, it is converted 
into secondary hexyl iodide, CJI,,!, 

Mannite hexa-nitrate (nitro -mannite), GkHsIO.NOjJb, is 
formed by treating mannite with a mixture of conceutrateti 
sulphuric and nitric acids. It is a solid substance and is very 
explosive. (Analogy with nitro-glycerin.) 

Mannite hex-acetate, CaH«(O.C.,HsO)B, is formed by treat- 
ing mannite with acetic anhydride. Its formation, as well as 
that of tiie hexa-nitrate, shows that mannite is a bex-acid alcohol. 
For the purpose of making the acetates, acetic anhydride is 
BoraeUmes used instead of acetyl chloride. In some cases in 

■ Tbe muiDB of Iho Scriptures wu obUtned trom tbe bmnchPH of Tammurii yailiai. 
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which the latter will not work, the former answers very wel^* 
Hence acetic anhydride has come into use as a reagent, which 
enables us to decide whether a substance under examination is 
or is not an alcohol ; and, if it is, to which class (whether 
mon-acid, di-acid, tri-acid, etc.) it belongs. 

Dulcite, OgHs(OH)g. — Th^s occurs in a kind of manna 
obtained in Madagascar, the source of which, however, is 
unknown. It is formed by treating sugar of milk or galactose 
witli nascent hydrogen (compare with mannite in this respect) . 

Dulcite crystallizes in monoclinic prisms ; easily soluble in 
water and in alcohol. 

Nitric acid oxidizes dulcite, fonning mucic acid (which see), 
isomeric with saccharic acid, which is formed from mannite. 
Like mannite, when boiled with hydriodic acid it yields second- 
ary hexyl iodide, C6H13I. With acetic anhydride it yields dulcite 
hex-acetate , C6H8(0 . C2H3O) g. 



There are no hexa-basic acids known belonging to this series. 

Neither alcohols nor acids are known containing more than 
six alcoholic or acid groups. We have, therefore, completed 
an account of the alcohols, acids, aldehydes, ethers, etc., derived 
from the paraffin series of hydrocarbons. But we are not 3'et 
prepared to pass on to the next series of hydrocarbons. The 
compounds which up to this time have been considered belong 
to distinct classes. Each one, with very few exceptions, is 
either an alcohol or an acid, an aldehyde or a ketone, etc. 
The few exceptions referred to are the acid ethereal salts, such 

as ethyl-sulphuric acid, ^ jj^ > SO.^, which may be regarded as 

both ethereal salt and acid at the same time, and the alcoholic 
ethereal salts, corresponding to basic salts ; such, for example, 

as glycerin mon-acetate, C3H5 1 ,^Jl. ^ , which may be regarded as 

ethereal salt and alcohol at the same time. Such compounds 
ntaj be called mixed compounds. 



CHAPTER X. 

MIXED COMPOUNDS. - DERIVATIVES OP 

THE PARAFFINS. 

Under this head are included such compounds as belong 
at the same time to two or more of the chief classes already 
studied. Thus, there are substances which are at the same 
time alcohols and acids. There are others which are at the 
same time alcohols and aldehydes, alcohols and ketones, acids 
and ketones, etc. Fortunately, for our purpose, the number 
of compounds of this kind actually known is comparatively 
small, though among them are many of the most important 
natural compounds of carbon. The first class which presents 
itself is that of the cdcohol acids or acid alcohols; that is, sub- 
stances which combine within themselves the properties of both 
alcohol and acid. They are commonly called oxy-adds or 
hydroxy -acids. 

Hydroxy- Acros, CnHgnOs. 

These acids may be regarded either as monobasic acids into 
which one alcoholic hydroxyl has been introduced, or as mon- 
acid alcohols into which one carboxyl has been introduced. As 
their acid properties are more prominent than the alcoholic 
l^roperties, they are commonly referred to the acids. Running 
parallel, then, to the series of fatty acids, we may look for a 
series of hydroxy-acids, each of which differs from the corres- 
ponding fatty acid by one atom of oxygen, or by containing one 
hydroxyl in the place of one hydrogen, thus : — 
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Fatty acids. Hydroxy-acids. 

Formic acid . . . H.COgH HO.CO2H. 

Acetic acid . . . CHg.COaH CH2<^^ . 

CO2H 

Propionic acid . . C2H5.CO2H C2H4< 

etc. etc. 

Tiie first member of the series, which by anal<^y would be 
caUed hydroxy -formic acid^ is nothing but the ordinary hypo- 
thetical carbonic acid. Although its relation to formic acid is 
the same as that of the next member of the series to acetic 
acid, it certainly has no properties in common with the alcohols ; 
but, owing to its peculiar structure, it is a dibasic acid Which 
the other members of the series are not. Nevertheless, it may 
be referred to hei*e for the sake of a few of its derivatives, 
which are somewhat allied to those of the hydroxy-acids proper. 

Carbonic acid, H,0Os[ CO < ^^ ). — It is believed that 

this body exists in solutions of carbon dioxide in water. All 
that is known about it is that it is a feeble dibasic acid, and 
breaks up into water and carbon dioxide whenever it is set free 
from its salts. We have seen that this instability is generally 
met with in compounds containing two hydroxyls in combina- 
tion with one carbon atom. 

Among the derivatives of carbonic acid which may be re- 
ferred to at this time are the ethereal salts. These may be 
made : — 

1. By treating silver carbonate, C0<^.^, with the iodides 
of alcohol radicals ; as, for example, — 

CO < 2^S 4- 2 ClIJ = CO < ^^2^^^ + 2 Agl. 
OAg ^ - OC2H5 ^ 

2. B3' treating the alcohols witli carbonyl chloride, COCI2: — 

COCI2 + 2C2H5OII = CO(OC2H5)2 + 2HC1. 



ETHYL CULUR-CARBONATB. 



Ethyl chlor-carbonate, CO < „ _ „ ■ — Tlii? 
itt nmile by treating alcoliol with carbooyl cKLoride : - 

COCI2 

It may be regarded as the ethyl salt of mono-chlor-forniic ] 
acid, Cl.COOH ; and, properly speaking, should be called ethyl 
eh lor-farmate . 

Carbon dtsulphide acts very much like carbon dioxide towards 
alkalies nnd alcohols, and thus a number of ether acids and j 
etbercal salte containing sulphur can be made. Thus, wlien 1 
carbon displphide is added to a solution of caustic potash in 
alcohol, a potassium salt of the formula C8< ' ' is formed. 
This is palled potassiuTn, xanthoi/enale. The ft-ee xantlK^enie 
acid is very unstable, breaking u}) into alcobol and carbon | 
diaulpbide. The formation of the salt is represented by the 
following equation : — 



CSa + KOn + CJI^OH = OS < 



SK 



- HjO. 



A similar salt made from ordinary amy! nlcoliol has been used 
for the piirimae of destroying phylloxera, the insect, wliieh is so 
destructive to grape-vines, particularly in the wine districts of 
France. 



Ouneml methods for the prepuraiion of hydroxy-aGida. The 
methods available for making the liydroxy-aeiiia are modifica- 
tions of those used for making alcohols and acids. 

Starting with a mon-acid alcohol, we can make a bydroxy- 
acid by the same methods which we used in making an acid 
from a hydrocarbon. Suppose, for example, tJiot we are to 
make acetic acid from marsh gas. The reactions which we 
make use of are : (1) the preparation of a halogen derivative j 
(2) conversion of the halogen derivative into the cyanogen 
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derivative ; and (3) conversion of the cyanogen derivative into 
the acid. We describe the results of these operations by saying 
tliat we have introduced carboxyl. By similar operations we 
can introduce carboxyl into methyl alcohol, and the product is 
hydroxv-acetic acid. 

It is, however, generally better to start with an acid, and 
introduce hydroxyl. This can be done in several ways : — 

1. By treating a halogen derivative of an acid with water or 
silver hydroxide : — 

Droni-acetic acid. 

2. By treating an amido derivative of an acid with nitrous 
acid (see page 08) : — 

Amido-occtic acid. 

3. By treating a sidpJionic-acid derivative of an acid with 
caustic potash : — 

C"^<fS'?/^ + KOH = CH,<^^„ + KHSO,. 

Sulplio-ncetic acid. 

The first two of these reactions have been described and men- 
tionod as affording metliods for the introduction of h3'droxyl 
into hydrocarbons. It will be seen that the only difference 
between the reactions used in making alcohols and those used 
in making hvdroxv-aeids is that in one case we start with the 
hydrocarbons, while in the other we start with the acids. 

Glycolic acid, hydroxy-acetic acid, oxy-acetio acid, 

02H4O3f = CHa < p^ _ J. — Glycolic acid is found in nature in 

unripe grapes, and in the leaves of the wild grape {Ampelopsis 
hederacea) . 
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It can be made from glyeocoU, which is amido-acetic acid (see 
reaction 2, above), from brora- or chlor-acetic acid and water 
(see reaction 1, above), and by the oxidation of glycol : — 

CH2OH CO2H 

I + 02= I + H2O. 

CH2OH CH2OH 

Glycol. Glycolic acid. 

This consists in transforming one of the primary alcohol groups, 
CH2OH, contained in glycol into carboxyl. (What would be 
formed by conversion of both the primary alcohol groups of 
glycol into carboxyl?) It can also be made by careful oxida- 
tion of ethyl alcohol with nitric acid. For this purpose a 
mixture of alcohol and nitric acid is allowed to stand until no 
further action takes place. 

Glycolic acid forms crystals which are easily soluble in water, 
alcohol, and ether. 

As an acid, glycolic acid forms a series of salts with metals, 
and ethereal salts with alcohol radicals. The latter, of which 
ethyl glj^colate may be taken as an example, can be made bj- 
means of one of the reactions usually employed for making 
ethereal salts ; for example, by treating silver glycolate with 
ethyl iodide : — 

In this reaction, as well as in the formation of salts of glycolic 
acid, the alcoholic hydroxyl remains unchanged. 

As an alcohol, glycolic acid forms ethers of which ethyl- 

gly colli: aeid^ CH2< p^^tt'% ™^y serve as an example. It will be 

seen that this is isomeric with ethyl glycolate. But while the 
latter has alcoholic properties, the former has acid properties. 
Ethyl glycolate is a liquid which boils at 1G0°. Ethyl-gly colic 
acid is a liquid which boils at 206° to 207°. Finally, as an 
alcohol, gtycolic acid forms ethereal salts, of which acetyl- 
gly colic acid may serve as an example. This is glycolic acid 
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iu which the hjdiogen of the hydroityl is replaced by acei 
CH, < rn H ' ' besn'ingi 13 will be seen, the same relation to 
glyeoiic acid and acetic acid that ethyl acetate, C^H, .O.C|H|0, 

bears to alcohol and acetic acid. 

Glycolic acid and some of the other acids of the series loK 
water when heated, aad yield peculiar anhydrides. The prod- 
uct obtained from glycolic acid is called ijJyeolide. It liia 
neither acid nor alcoholic properties, and ia, thei'efore, be- 
lieved to be derived from glycolic acid as represented in this 
equation : — 

ana ^OH 



= I I + 2 H,0. 

CO - O - CH, 



Glycolide is insoluble in cold water. When boiled for a 
time with water, it ia converted into glycolic acid. 



loDp 



Lactic acids, hydroxy-propionic acids, oxy-prop ionic 
acids, CaHiiOi = C,H,< „„ „). — In speaking of proimoDic 
acid, it was pointed out tliat two aeries of siibstitution-prodiictB 
of the acid are Icnown, which are designated as the o- aad ^- 
series. Accordingly we shonld expect to find two hydiiaj- 
propionic acids, tlie a- and the /3-acid. Two lactic acids 
have been known for a long time. One of these is ordii^ifV 
lactic acid; the other a variety which is found in flesh, and 
hence called sai-co-lcKtic acid. But, strange to say, a thorongll 
investigation of these two acids has proved tJiat botli must be 
represented by the same structural formula, as both condnot 
themselves in exactly the same way towards reagenta. Furth«r> 
one other hydroxy-propionic acid ia certainly known. The fscU 
then are these: three acids are known, all of which are hydrolj^ 
propionic acids. Our tlieory enables us to foretell the existence 
of only two. Before discussing this apparent discrepancy l6' 
us briefly study the acids themselves. 
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■ Laotic acid, inactive ethyl i dene-lactic acid, a-hy- 
bxy-propionic acid, CHj.CH < „_ — Th,; .-liicf luetlnid 
J making laotic add ooiiMisjls iu the Itrmuiitatiiin of ai 
Bthe lactic-acid fernipiit. This pi'occss Lns already 1 
jcribed under the head of Butyric Acid. It ia carried out 1 
Kt bj dissolvlug CHue HUgitr and a little tartaric acid in i 
then addiug putrid cheese, mill<, aud ziuc carbonate. 
i object of the zinc carlmnate is to prevent the solution i 
n becoming acid, aa the presence of free acid ia fatal to the \ 
fermoTit, The sugar is converted first into glucose, CflHijOa; 
' aiid this then breaks up into lactic acid ; — 

It will lje remembered that by continued action of the ferment 
n the lactic acid, butyric acid is formed (see Butyric Acid). 
Bctic acid can also be made by fermentation of sugai' of 
■, and ia hence contained in aour milk ; by boiling o-ohlor- 

feopionic acid with alkalies, — 

--'-'' 1 irriii nn r'li ^ "" i. Icel- 



and by treating alanine (n-amido-propionic acid) with nitruns 
acid, — 

CH„.CH < J",^= + HNO, = CHa .CH < ^JJ + N- + H,0. 

Lactic acid is a thick lii^uid which mixes witli water and 
with alcohol in all proportions. 

Treated with hydriodic acid, it is reduced to propionic acid. 
'iVeated with hydrobromic acid, it yields a-brom-propionic acid. 

2. Sarco-lactic acid, aotive ethylidene 'lactic acid, 
CHi.CH < fi^TT- — This acid occurs in the liquids expressed 
from meat. It is therefore coutniucd in " c:N:tract of meat," 
and ciio be obtained most readily from this source. 
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Its properties are, for the most part, like those of inacti^ 
lactic acid, and its conduct towards reagents is in all respect 
the same. Its salts are somewhat more easily soluble tha 
those of ordinary inactive lactic acid. The chief diflferenc 
between the two is observed in the action towards polarize( 
light. Active lactic acid turns the plane of polarization to th( 
right. It is dextro-rotatory. Its salts are all laevo-rotatory. 
On tlie other hand, neither inactive lactic acid nor its salts 
exert any action upon polarized light. ^ 

3. Hydracrylic acid, ) OH2OH 



id, J 



p-Hydroxy-propionic acid, J 0H,.0O,H 
Hydracrylic acid is made by boiling j8-iodo-propionic acid with 
water or silver oxide and water : — 

CH2I CH2.OH 

I + HHO =1 + HI. 

C'H2.C02H C'H2.C'02H 

CH, 
It is made also by starting with ethylene, I . When thif 

CHj 

hydrocarbon is treated with hypochlorous acid, HOCl, it is con 

CH,C1 
verted into ethylene-chlorhydrine, I (which see), whic 

CH.OH 

can be made by treating ethylene alcohol with hydrochlori 
aoid * —^ 

CH2OH CH2CI 

I + HCl = I + H2O. 

CH2OII CH2OH 



By replacing the chlorine with cyanogen, and boiling the cyai 

CII2OII 
liydrine, I , thus obtained, with an alkali, hydracrylic ac: 

CH2CN 
is obtained. 

These reactions clearly show that hydracrylic acid is s 

ethylene compound, and, as it is made from j8-iodo-propion 

1 See active and inactive amyl alcohols, p. 126. 
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acid by replaping the iodine with hydroxyl, it follows further 
that the ^-substiluti on -products of propionic acid are etJjylcne 
products, and that the u-producta are ethylideue products (ae 
p. 131). 

Hydracrylic acid is a syrup. Its salts differ markedly from 
those of the inactive and active lactic acids. "VVTien heated, it 
loftee water and in transformed into acrylic acid, CHa-CH.COjII 
(wliioli see) ■ 

The difference in conduct between ethylidene-lactic acid and 
elliylene-1 acetic acid, when heated, is iutcresting and suggeetiyt 
When ethylidene-lactic acid is heated, both its acid and alco- 
holic properties are deatroywl, both the alcoholic and ticid 
hydroxyls taking part in the reaction. Whereas, when ethyl- 
ene-luetic acid ia heated, only the alcoholic properties are 
destroyed, the carboxyl remaining intact. 

There are then more hjdrosy-pvopiouic acids known than t 

theory can account for. Other cases of this kiud are known, 

3 very marked and especially interesting one will be 

FeiTed to when tartaric acid ia considered. It will be shown 

it just as there is an active and an inactive lactic acid, 

an active and an inactive tartaric acid, which conduct 

themselvea in the same way towards reagents, and must hence 

be represented by the same structural formula. 

Apparently we have here to deal with a new kind of isome- 

Bodies may conduct themselves chemically in exactly 

the same way, and yet differ iu some of llieir physical proper- 

in their action towards polarized light. To distinguish 

d of isomerism from ordinary chemical isomerism it is 

called physkai isomerism. 

An ingenious hypothesis has been put forward by way of 
explanation of that particular kind of phyaical isomerism which 
shows itself in the action of compounds upon polarized light. 
It must be remembered that our ordinary formulas have nothing 
whatever to do with the relations of the atoms and groups i 
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space. They indicate chemical relations which are discovered 
by a study of chemical reactions. 

Let us suppose that in a carbon compound one carbon atom 
is situated at the centre of a tetrahedrou, aud that the four 
atoms or groups which it holds in combination are at the angles 
of the tetrahedron, as represented in Fig. 10. 

If these groups are all different in kind, and only in this 
case, it is possible to. arrange them in two ways with reference 
to the carbon atom. The difference between the two arrange- 





a! 
il 
it 

it 



Fif;. 10. Fig. 11. 

ments is that which is observed between either one and ltd 
reflection in a mirror. Imperfectly the second arrangement 
of the figure above represented is shown in Fig. 11. 

A carbon atom, in combination with four different kinds of 
atoms or groups, is called an asymmetrical carbon atom. When- 
ever, therefore, a compound contains an asymmetrical carbon 
atom, there are two possible arrangements of its parts in space 
which correspond to the two complementary tetrahedrons, viz., 
the riqht-handed and the left-handed tetrahedron. 

In ethylidene lactic acid there is an asymmetrical carbon atom, 

as shown by the ordinary formula, which may be written thus : 

H 

I 
CHj — C — OH, the central carbon atom appearing in combination 

I 

CO.II 

with (1) hydrogen, (2) hydroxyl, (3) carboxyl, and (4) methyU 
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leuce, according to the hypothesis just stated, there ought to 
>e two possible arrangements of the parts of a compound cou- 
uaining this group, one corresponding to the right-handed tetra- 
hedron, the other to the left-handed tetrahedron. Both would 
be etJiylideiie-lactic acids. 

The branch of chemistry which has to deal with the kind of 
isomerism just referred to is called stereo-chemistry. 

We have seen that the sulphonic acids and carbonic acids are 
analogous : that, for example, methyl-sulphonic acid, CH3 . SO3H, 
is analogous to methyl-carbonic or acetic acid, CH3 .COj,H. Now, 
just as the hydroxy-acids above considered are derived from the 
carbonic acids by the introduction of h^droxyl, so we may have 
a series of hydroxy-acids derived in a similar way from the sul- 
phonic acids. Only one such acid is well known. It is — 

OH 

Isethionic acid, C2H4 < gQ xt» ^^^o called hydroxy-ethyU 

sidphonic acid. In composition it is analogous to the hydroxy- 
propionic acids. It is prepared by passing sulphur trioxide into 
well cooled alcohol or ether. 



Hydroxy-acids, CnH2n04. 

The acids just considered are called monohydroxy-mondbasic 
acids. Similarly, there are dihydroxy-monobasic acids, which 
are regarded as derived from the monohydroxy-ticids by the 
introduction of a second hydroxyl. Thus, if into lactic acid, 

CO H 
CHj.CIKqtj y a second hydroxyl is introduced, the product 

CH2.OH 

would have the formula CII.OH. This is the best known 

I 
CO.,lI 

iihydroxy-monobasic acid of the paraffin series. 
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Glyceric acid, CsHeOi = CHOH I — This acid has been 

V CO^H / 
referred to as the first product of the oxidation of glycerin. It 
is prepared by allowing glycerin and nitric acid to stand together 
at the ordinary temperature for some time, and then heating on 
the water-bath. It can also be made by treating one of the 
chlor-lactic acids with water. 

Note for Student. — Explain this reaction. 

Glyceric acid is a thick syrup which mixes with water and 
alcohol. When treated with very concentrated hydriodic acid, 
it is converted into y3-iodo-propionic acid. This conversion 
involves two reactions : — 

CH,OII CH2I 

I I 

(1) CHOH + HI = CHOH + HgO, and 

I I 

CO2H CO2H 

CH2I CH2I 

I I 

(2) CHOH + 2 HI = CIL, + H.O + 21. 

I I 

CO2H CO2H 

Hydroxy- ACIDS, C„H2n-205. 

The acids included under this head are monohydroxy'dibasic 
acids. They bear the same relation to the dibasic acids of the 
oxalic acid series that the simplest hydroxy-acids bear to the 
members of the formic acid series. The principal members of 
this series, and the only ones which will be considered, are 
tartronic acid and malic acid. 



I 
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Tartronic acid, C,H,oi=GHlOH)<^^'^j. — This acid 
I prepai-ed by aii indirect metliod from tartaric acid. It can' 
oe made, — 

(t) By boiling brom-malonic acid with silver oxide and 
«ra.ter: — 

CHBr < ^^'^ + AgOH = CHtOH) < ^^=Jj + AgBr ; 

(2) By treatiug brom-cyan-acetic iicid with caustic potash : — 

. CHBr < ^^ + 2 KOH + H,0 



CO,H 



= CH(OH) <^X»+ NH, + KBr. 



'artroDic acid ia a solid which crystallizes in prismatic crystals, 
is easily soluble in water, alcohol, and ether. It melts at 
!". At 155° it gives off carbon dioxide and water, and is 
iverted into glycolide (wbich see) ; — 



CU(OH) 


COjH 


= CH, 

Qly 




+ C0,. 


2CH 


OH 
CO(tII 


CO 


- - 

- - 


CO 

1 

ClI, 


+ 2H,0 



Vote for Brtmsin. — Compare reaction (1) with that whfch taltes 
wben iBO-succtnic add is heat«ii, and note the aiialagy. 

Hydroxy-auccinic acids, C.H,0,(=C,H.(OH)<gg^^)-- 
iree hydroxy -succinic acids have been described, the priucipal 
« being ordinary malic acid. 

f CH(OHl,CO,m 
Malic acid, C,HoO^^ i . — This acid ia very 

V CH..CO.H / 
doly distributed in the vegetable kingdom, as in the berries 
the mountain ash, in apples, cherries, etc. 
It is best prepared From the berries of the mountain tab 



168 DERIVATIVES OF THE PARAFFINS. 

which have not quite reached ripeness. The berries are pressc 
and boiled with milk of lime. The acid passes into solution f 
the calcium salt, and this is purified by crystallization. 

It can also be made by treating aspartic acid, which is amide 

succinic acid, CjHglNHj) < ^^*„, with nitrous acid, and by treal 

CO2H 

ing tartaric acid with hydriodic acid. This latter reaction wi 

be explained when tartaric acid is considered. Tartaric an< 

malic acids are closely related to each other, and both an 

related to succinic acid, as will appear from the reactions. 

Malic acid is a solid substance which crj'stallizes with difS- 
cult3\ It is very easily soluble in water and in alcohol. lU 
solutions turn the plane of polarization to the right or to the left^ 
according to the concentration. 

When heated it loses water and yields either fumaric 01 
maleic acid (which see) , according to the temperature. These 
acids are isomeric, and both are represented by the formuli 

C2H2< J^ . The reaction mentioned is represented by tih 
following equation : — 

CA(OH) < ^^^ = C^H, < ^0»H ^ g^o 

AToH/. 0/.M Fumaric or 

MaUc acid. ^^^y^ ^^ 

Note for Student. — Compare this reaction with that which tak* 
place when hydracrylic acid is heated, and note the analogy. 

Wlien treated with hydriodic acid, malic acid is reduced 1 
succinic acid. 

Note for Student. — Compare this reaction with the conduct < 
lactic and glyceric acids when treated with hydriodic acid. 

Treated with hvdrobromic acid, malic acid is converted in 
mono-brom-succinic acid. 

The reactions just described show clearly that malic acid 
hydroxy-succinic acid. Nevertheless, if hydroxy-succinic ac 
is made by treating brom-succinic acid with silver oxide ai 



irftteis the product is not identical with ordinary malic acid, 
ttiougb the two resemble each other very closely. The acid 
Qius obtained is — 



Inactive malic acid, CiH;i(OH) < „ 



- Inactive malic 



" OOjH' 

;aii be made not only by Uie method first mentioned, but 

r several others, which indicate that the relation between it, 

I Buecinic acid is that expressed in the formula given. 

1 ordinary malic acid, is unqucBtiouably a hydroxy-aucoinio 

, and both are derived from ordinary succinic acid. 
Other reactious for the preparation of inactive malic acid 
ire, — 
( 1 ) By treating dichlor-propionlc acid with potassium cyanide, 
i boiling the product with caustic potash : — 

CIIaCl.CHCl.CO^ + KCN 
CHaCN 
= 1 +KCIi 

CHCl.CO.U 

+ 2 KOH + U,0 



CH(OH).C0sH 

I By heating fumaric acid with water : — 

By reduction of racemic acid with hydriodic acid. Ha- 

I acid has the same composition as tartaric acid. The 

Br, when treated with hydriodic acid, yields active malic 

Jhe properties of inactive malic acid are very much like 
B ot active malic acid. Aa regards their ehemioal conduct 



^ 
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they are almost identical. The principal difference between 
them is observed in their conduct towai^ds polarized liglit 
Tliey present a new case of physical isomensm of the same 
kind as that referred to in connection with the lactic acids 1 
(which see) . The same hypothesis may be applied to this i . 
case, for malic acid contains an asymmetrical carbon atomy as 
will be seen by wTiting tlie formula in this way : — IT ^ 

H lyu 

I lit 

CO2H-C-OH. ll 

I 

0X12 •Vy'Ogll 



•^ 



Hydroxy- ACIDS, CnH2 „_206 • 

These are di-hydroxy -dibasic acids. The chief members of 
tlu^ group are mesoxalic acid and the different modification^ 
of tartaric acid. \ 

Mesoxalic acid, C,'H.,oL=: C(OH)2 < qq h)' ~ "^^ ^^^ 
is obtained by indirect and rather complicated reactions from 
uric acid (which see). It has been mtule also by boiling di- 
])rom-inalonic acid witli barvta-water. 

Note for Student. — Explain this reaction. 

The acid forms deliquescent needles. When boiled it loses 
carbon dioxide and water, and glyoxylic acid, which is an alde- 
hyde and acid related to oxalic acid, is formed : — 

CO II ^^^^ 

Glyoxylic acid. 

This acid affords an example of a very rare condition; viz., 
the existence of a compound in which two hydroxyls are in 
(combination with one and the ^ame carbon atom. 




TARTARIC ACID. 



L-hydroxy- 



acids, G,H;0,|- C,H,(OH1,<^q'^\ 



0H(OH).CO,H 
1. Tartaric aoid, i . — Ordinnrv tartaric afid 

CH(OHJ.CO,H 
occurs very widely distiibutud lu fruits, sometiniea free, some- 
lames ill the foiin of the potaesimii or calcium salt; as, for 
example, in grapes, berriea of the mountaiu asb, potatoes, 
CiicnmlierB, etc., etc. 

It cau be made by the following inethods : — 

(1) By oxidizing augur of aiilk with nitric acid ; 

(2) Also by oxidizing cane sugar, starch, glucose, and other 
Bimilar substances. 

Tartaric acid ia prepared from "tartar," which is impure 
Mid potaseium tartrate. When grape juice ferments this salt 
is deposited. It is ptuified by crystallization, converted info 
the calcium salt by treating it with chalk, and the calcium salt 
tkn decomposed by means of sulphuric acid. 

The acid cryatallizes in large monocliniu prisms, which are 
easily soluble in water and alcohol. It melts at 135°. Its 
loliiHon Curtis the pliiiie of poluriml'ion to the ri'jlit. 

Treated wltli hydriodic acid, tartaric acid yields first malic 
acid and then ordinary succinic acid : — 



(1) c,n„(on),< 



COsH 



2 in 



\m CjH,(OH) <^ 



fhile malic acid is mono-hydroxy-succinic acid, ordinary 
bip acid appears to be di-hydroxy-saccinic acid. But, just 
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as we found that the malic acid prepared from mono-brom-suc- 
cinic acid is optically inactive, and therefore different from 
natural, active malic acid, so too it has been found that the 
tartaric acid ^prepared from di-brom-succinic acid is optieallj 
inactive, and therefore different from ordinary tartaric acid. 
The relations between the natural and the artificial acids will 
be considered more fully below. 

Tartrates, Among the salts the following may be mentioned 
specially : — 

Mono-potassium tartrate^ KH.C4H4O6. This is the chief 
constituent of tartar. In pure form, as used in medicine, it is 
known as cream of tartar. 

Sodium-potassium tartrate^ KNa . C4H4O8 + 4 H2O. This 
salt crystallizes very beautifully. It is known as RocheUe salt 
or Seignette salt. 

Calcium tartrate, Ca. €411406 + 4 HgO. This salt occurs in 
senna leaves and in grapes. It forms a crystalline powder or 
rhombic octahedrons. 

Potassium -antimonyl tartrate, K (SbO) .C4H4O6 + •J-H20. 
This is known as tartar emetic. It is prepared by digesting 
antimonic oxide with mono-potassium tartrate. It crystallizes 
in rhombic octahedrons. It loses its water of crystallization at 
100°, and at 200 to 220° is converted into an antimony potas- 
sium salt of the formula KSb.C4Hj;06. 

2. Racemic acid, C^HeOe + HiO. — Racemic acid occurs, 
together with tartaric acid, in many kinds of grapes, and, on 
recrystallizing the crude tartar, acid potassium racemate, being 
more soluble than the tartrate, remains in the mother liquors. 
Racemic acid is formed by boiling ordinary tartaric acid with 
water, or with hydrochloric acid. If tartaric acid is heated 
with water in sealed tubes at 175°, it is almost completely 
transformed into racemic acid. It is formed further by oxida- 
tion of dulcite, mannite, cane sugar, gum, etc., with nitric 
acid. It, together ivith a third variety of tartaric a^id, known as 
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inat^ive tartaric acid, is Jhrmed when dilirom-sucotnic add is 
treated with silver oxide and inatei: 

Racemic wid differe from tartaric acid in many ways. It 
crystallizes differently, and contains water of crystallization. 
It is less soluble tlian tartaric 'acid. It produces preeipitates J 
in solutions of lime salts, while tartaric acid does not. Sacemic 
rteiri IS optically inactive, wliUe tartaric acid is dextro-rotatory. 
(In the other hand, racemic ami tartaric acids conduct them- 
selves towards most reagents exactly alike. 

Thua far the relations between racemic and tartaric acids 1 
appear very muc!] like those which are observed between active I 
and inactive lactic acids and between active and inactive malic | 
acids. But there remains to be described an exti-emely inter- 
esting experiment, which throws new light uiwn the relations i 
between tartaric and racemic acids. 

When a solution of ammoniuin-aodinm racemato, 

{NH,)Na.C,HA. 
is allowed to evaporate spontaneously, beautiful large crystals 1 
are deposited. On examining these carefully, tliey are found ] 
to be of two kinds. On the crystals of one kind certain hemi- 
hedral foces are developed, while on the crystals of the other 
kind the complementary hemihedral faces are developed ; so 
that if ft crystal of one kind is placed in front of a i 
ita refleclaon will represent the arrangement of the hemihedral ,1 
faces met with on a crystal of the other kind. The crystals i 
ean be separated into right-haitded, or those which have the 
right-handed hemihedral faces, and Uft-handed, or those which 
have the Ief^handed hemihedral faces. 

On separating the acid from the right-handed crystals i( is 
found to be ordimirjf dextro-rotatory tartaric acid; while the 
acid from the left-handed crystals is au isomeric aubatance 
called Imvo-i-otoiory tartaric add. Wlien these two varieties < 
of tartaric acid are brought together in solution, they unite, the 
action being attended by an elevation of temperature, and the 
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We Bee thus thut Uie inactive racemic acid caosists of two 
optically active subetaacea in cumbiaatiun, one of which, ordinary 
tartaric acid, is dextrn -rotatory, and the other Itevo-rotatory. 

Inactive malic iw^id hae been icaolved into two active vari- 
eties, one of which is dextro-rotatory and the other lievo- 
rotatory. And it is not iniprobabh; that inactive lactic aciiJ 
may bo resolved in a similar way. 

Inactive tartaric acid is very similar to racemic acid. It 
is formed together with racemic acid by trcaliug dibrom-8Dc- 
C'inic acid with silver oxide and water. Nothing is known 
reganling the relation of this subatance to the other tartatjj 
aeids. 

IIyHBOXY-ACIDS, CoIljn.^Oi, 

These are vwuo-hydro^i/-tribtMlc acids. Citric acid is 
only one known. 

■ ( COjH^ 

CStric acid, CsHbO,+ HjO(-G,Hi'OE} JCO,H). — Citric 

acid, like malic and tartaric acids, is very widely distributed in 
nature in many varieties of fruit, especially in lemons, in which 
it oeours in the free condition. It is found in currants, whortle- 
berries, raspberries, gooseberries, etc., etc. 

It is prepared from lemon jnice. Tliis is allowed to ferment 
and is then treated with lime. The lime salt thus obtained 
in the form of a precipitate, is collected, and decomposed with 
enlphuric acid, 100 parts of lemons yield S.i pai-ts of the acid. 

Citric acid crystallizes in rhombic prisms which ai-e very easily 
soluble in water. The crystallized acid melts at 100°, the 
anhydrous at 163° to 154°, Heated to 175° it loses water and 
yields aconitic acid (which see): — 

fCOsH rCO,H 

• C3Hj(0H) ] CO,H = CJI, ] CO5H + H,0. ■ 



>wa 



(.CO^ 



(.COJI 



NoTB yoE Studknt. — Compare with formation of nci'ylic fi'o 
hydracrylic acid; aod orroaltlc find fiimarlc acids fl-Qiii malic acid. 

Aconitic acid takes up hydrc^eu, and ia transformed into tri- 
carballylic acid (which see) . Thus a clear connection between j 
tricarbatlylic acid and citric acid is traced, the latter appearing 1 
aa hydroxy-tricarbiillylie acid. Citric aoid has been made arti- 
ficially by a Boraewhat complicated method. 

When subjected to dry distilhition, citric acid loses both water J 



(which see) ; if heated with water or dilnte sulphuric acid to- 1 
lliO° it yields lYacomc orarf, CjHj < ', (which see). 



c,n,(OH) ] c;o^ = 

(. CO,H 



C:,H, 



COaH 
C'0,11 " 



I 

^HRlarlc and male'ic acids? B; distillatlou of what acid 
^^rtter formed? 



- What relation, ; 



id, do tliese t 



ILO - 



composition la \ 




OUrates. A few of the salts of citric acid are lueiitioned : — 
M*um titrate, KHj .CJIsO, + 2 H,0 ; 
totaani-um citrate, KjH.CoHjOf ; 
^•potaasium citrate, Ka-OoHsOr + HjO. All these potas- 
^m salte are easily soluble in water. They are made by ' 
mixing citric acid and ijotassium carbonate in the right pro- 

CalHitm citrate, Ca3(C6U60,)j + 4 HjO, This salt is formed 
by mixing a citrate of an alkali with calcium chloride. It is 
more easily soluble in cold than in hot water ; hence boiling 
caoses a precipitate in dilute solutions. 

Magnesium cUrate, Mg,(C,H507)2 + 14 HjO. This ia made by 
[iisBDiviug magnesia in citric acid. It is used iu medicine. 
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Hydroxy-acids, C„H2n_208. 

There are two acids to be considered uuder this head. They 
are isomeric, and both are tetra-hydroxy -dibasic. 

Saccharic acid, CeHio08[= C4H4(OH)4<^q'J^J.— Saccharic 

acid is formed by the oxidation of cane sugar, glucose, or sugar 
of milk with nitric acid. 

To prepare it, it is best to treat ordinary sugar with dilute 
nitric acid. Oxalic acid is formed at the same time. 

It is an amorphous mass, which becomes solid only with 
difficulty. When treated with hydriodic acid it is converted 
into adipic acid, a member of the oxalic acid series (see table, 
page 142) : — 

C4H,(0H), < ^^^JJ + 8 HI = CHs < ^^ + 4 H,0 + 8 L 

Saccharic acid. Adipic acid. 

Note for Student. — What relations exist between hexane, man- 
nite, adipic acid, and saccharic acid? 

Mucic acid, aH.oOsf^ C4H,(OH)4<^Q'^y — Mucic acid 

is formed by oxidizing sugar of milk, the gums, or dulcite, with 
nitric acid. 

It is best prepared by boiling sugar of milk with ordinary 
nitric acid. Oxalic and tartaric acids are formed at the same 
time. 

It is a crystalline powder which is very difficultly soluble in 
cold water. Hydriodic acid converts it into adipic acid (see 
above, under Saccharic Acid). 



CHAPTER XI. 

CARBOHYDRATES. 

Among the mixed eonipouiKlB, or compoundB wLich belong at i 
tlie aaiDe time to more tban one of the f undamentel claBses of J 
carbon compounda, are the important bodies ealled carbohy-j 
ftrates. This oamc was originally given, to them because tba-M 
hydrt^en and oxygen which enter into their composition i 
always present in the proportion to form water, aa shown in 1 
formulas for dextrose, CoH,jOu, atarcb, CaHioOj, uto. All the 
compounds belonging to the class of carbohydrates are n 
lusB intimately reluted to the hex-aeid akobnls, maanite and J 
dulcitc, CaHK(OH)a, According to tlieir (!om|>osition, they fall T 
naturally into three groups. These are: — 

1, The glucose group of the formula CoIIivOb. 
The principal members of this group ai-e dextrose or grape 

levulose or fruit sugar, and galuetose. 

2. The cane sugar group of the formula CiaHjaOn- 
The principal members are cane sugar, sugar of milk, and 



-Itx 

^^Th 



3. Tlie cellnhsc group of the formula {CaH„(Os),- 

The principal members are cellulose, starch, gum, aud dextrin. 

C 

■ TuE Glucose Gboup, CoH,jOo. 

F Dextrose, glucoee, grape sugar, CoH,jOc- — Dextrose j 
occurs very widely distributed in tl g tat 1 k ngdora, pa 

ticnlarly in sweet fruits, in which it f und to*' ther with i 
eqaivalent quantity of levulose. It f un I honey together ] 
mthcane sugar and some levulose. It f rther, in 

, in the liver, and in the urine ; and u th 1 ease called 
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Diabetes mellitus^ the quantity contained in the urine is largely 
increased, reaching *as much as 8 to 10 per cent. 

Dextrose is fonned from several of the carbohj'drates of the 
formulas C12H22OJ1 and CeHioOg, by boiling with dilute mineral 
acids, or by the action of ferments. The formation from cane 
sugar takes place according to this equation, equivalent quanti- 
ties of dextrose and levulose being formed : — 

C12H22O11 + H2O = CgHi205 + C5H13O5. 

Cane sugar. Dextrose. Levulose. 

Starch, cellulose, and dextrin yield dextrose according to this 
equation : — 

CgHioOg + H2^ == CgHi20fl. 

Finally, dextrose occurs in nature, in combination with ^ 
luunber of carbon compounds, in the so-called glucosides. The»< 
break up easily when treated with dilute mineral acids or fer 
ments, and yield dextrose as one of the products (see Glucos- 
ides). Examples of the glucosides are amygdalin, aesculin: 
quercitrin, etc. 

Dextrose is prepared on the large scale from corn starch in 
the United States, and from potato starch in Germany. The 
transformation is usually effected by boiling with dilute sul- 
phuric acid, though oxalic acid is used to some extent, and phos- 
phoric acid has also been used. The excess of acid is removed 
by treating the solutions with chalk, and filtering. The filtered 
solutions are evaporated down either to a syrupy consistency, 
and sent into the market under the names "glucose," "mixing 
syrup," etc., or to dryness, the solid product being known in com- 
merce as "grape sugar." By evaporating the solutions down 
to such a concentration that they contain from 12 to 15 per 
cent of dextrose, crystals are fonned which closely resemble 
those of cane sugar. They consist of anhydrous grape sugar. 
Their formation is facilitated by adding a little of the crystal- 
lized substance to the concentrated solutions. 

If in the treatment of starch with sulphuric acid the trans- 



irmatioii is not iwmplete, and thia is iisiully the ciise, the 
ivoiluct is a mixture of dextrose, maltose, and dextrin. The 
onger the action continues, the larger the percentage of 
dextrose. 

Dextrose crystal lizes from concentrated Kolutions, usually in 
wyBtalline masses consisting of minute six-aided plates. The 
inaflB, aa seen in commercial " granulated grape sugar," looks 
my much like granulate<l sugar. It crystallizes from alcohol 
Ui moDo-clinic crystals. It is sweet, but not as sweet as cane 
sugar. According to the latest estimations, the sweetness of 
. deitroee is to that of cane augai' as 3 to 5. Its soIuHotis turn 
(fe jiaHe'of polarixation to the right. 

Dextrose is easily oxidized, reducing the salts of silver and 
oopper. When treated with nascent hydrogen, it yields, among 
dlher products, mannite and hexyl alcohol. Under the influence 
of yeast it ferments, yielding mainly alcohol and carbon dioxide. 
Putrid cheese traoaforine it first into lactic acid and then into 
Mtyric acid by the so-called lactic acid fermentation. 
Dextrose foima compounds with metala and salts. Among 
» better known compounds of this kind arc those mentioned 



} Bodium dextrose .... CeHnOo-Na; 

[ Sodium chloride dextrone . 2 C(H,iO( . NaCl -|- H.O ; 

. C,H,A-NaCI + i II.O, and VfUyjO^.i NaCl. These 
lands, with sodium chloride, crj-stallize well, and can be 
i in pure condition. 

KOupric oxide dextrose . . C'oHioOo . 5 CuO. 

t treatment with acetic anhydride, dextrose yields a producl 
fMniDg five aceljl groups, pent-acotyl-dextrose, 
GaH,(CsH,,0)sOfl. 
iT. — Whut does the formation of this compound 
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It is often important to know the quantity of dextrose con- 
tained in a given liquid ; as, for example, in the mine in a case 
of suspected diabetes. For the purpose of making the estima- 
tion, advantage is taken of the action of dextrose towards an 
alkaline solution of copper sulphate. The solution commonly 
used is that known as Fehling's solution. It is prepared by 
dissolving 34.64'^ crystallized pure copper sulphate in water, 
adding a solution of 200*^ potassium sodium tartrate, and 600« 
to 700^ caustic soda of the specific gravity 1.12, and diluting 
so that the whole makes one litre. 

• 

Experiment 38. Make half the quantity of Fehling's solution 
above mentioned, and put in a bottle with a glass stopper. In a test- 
tube boil about 10«« of this solution, and then add a few drops of a 
dilute solution of glucose. Continue to boil, and add a little more of 
the <?lucose solution ; and so on, until, on removing the tube from the 
lamp, a dark-red uniform-looking precipitate settles, leaving the liquid 
above it perfectly clear and colorless. This precipitate is cuprous 
oxide. By taking proper precautions, the exact amount of dextrose 
present in a solution can be estimated in this way. 

Dextrose has recently b:»en prepared synthetically by some- 
what complicated reactions. The fact that dextrose so readily 
reduces metallic salts, and is converted into mannite by reduc- 
tion, has led to the belief that it is an aldehyde of mannite, as 

CII,OH 

1 
represented by the formula (CHOH)^, the corresponding alcohol 

CH,OII COH 
or mannite being (CHOH)^. While dextrose is converted into 

CH2OH 
mannite by reduction, mannite is not converted into dextrose 
by oxidation. Both substances are converted into saccharic 
acid by oxidizing agents, the relations between the three sub- 
stances being shown by the formulas 
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CH2OH 

I 

(CH0H)4 
I 
CH2OH 

Mannite. 



CH2OH 

I 

(CH0H)4 
I 
COH 

Dextrose. 



CO2H 

I 

(CHOH)^. 
I 
CO2H 

Saccharic acid. 



Le'Tulose (fruit sugar), OeHiiOe. — As has been stated, 
levulc«e occurs together with dextrose, and in equivalent quanti- 
ties, 1*1 fruits ; and is formed by the action of dilute mineral 
acids, or ferments on cane sugar, this last breaking up accord- 
ing to the equation, — 

C12H22O11 4" H2O = CeHi206 + C6H12O8. 

Cane sugar. Dextrose. Levulose. 

As cane sugar is found in unripe fruits, it is probable that 
the change represented by the above equation takes place in 
the process of ripening. 

Levulose can be obtained in the form of crystals. It is 
about as sweet as cane sugar. It turns the plane of polarization 
to the left. 

Note for Student. — What other substances already considered 
be&T to each other the same relations as dextrose and levulose? 

It acts towards Fehling's solution the same as dextrose. By 
nascent hj^drogen it is reduced to mannite. 

Levulose has been shown to be a ketone of the formula 

CH2OH 
I 
(CH0H)3 
I 
CO 

I 
CH20H. 

This view is in accordance with the fact that levulose, like dex- 
trose, is converted into mannite by nascent hydrogen. 
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The most recent invest igatious have shown that there is a 
levo-rotatory sugar which is stereo-isomeric with dextrose, and 
a dextro-rotatory sugar stereo-isomeric with levulose. The for- 
mer is called mannose, and it is this which is the true aldehyde 
of mannite. Inactive sugars are formed by the union of the 
two active varieties of dextrose and of levulose. All these com- 
pounds have been prepared synthetically starting with glycerin 
and with formic aldehvde. 

Galactose, CeHi^O^. — This substance is formed together 
with dextrose when either sugar of milk or gum ai*abic is boiled 
with dilute sulphuric acid. 

It crystallizes in large rhombic prisms, which melt at 130® ; 
is easily soluble in hot water, but much less so in cold water ; 
less sweet than cane sugar ; turns the plane of polarization to 
the left; conducts itself in some respects like dextrose. It 
reduces Fehling's solution ; gives mucic acid with nitric acid, 
and dulcite with sodium amalgam. It does not ferment with 
yeast. 

The Cane-sugar Group, C,2H220u. 

Cane sugar, Cu'ELaOn. — This well-known variety of sugar 
occurs vei-y widely distributed in nature, in sugar cane, sorghum, 
the Java palm, the sugar maple, beets, madder root, coffee, 
walnuts, hazel nuts, sweet and bitter almonds ; in the blossoms 
of many plants ; in honey, etc., etc. 

It is obtained mainly from the sugar cane and from beets. 
In either case the processes of extraction and refining are largely 
mechanical. When sugar cane is used,' this is macerated with 
water to dissolve the sugar. Thus a dark-colored solution is 
obtained. This is evaporated, and then passed through filters 
of bone-black which remove the coloring matter. The solu- 
tion is evaporated in the air to some extent, and then in 
large vessels called '* vacuum pans," from which the air is 
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partly exhausted, so tliat tho boiling takes place at a lower 
temperatnrc than would he required under the ordinary pres- 
sure of Uie atmosphere. The mixture of crystals and mother 
liquors ohtnined from the "vacuum pans" ia freed frotu the \ 
liqnid by being brought into tho " centrifugals." These i 
fiinncl-shaxffid sieves which are revolved very rapidly, the liquid j 
being thus thrown by centrifugal force through tho opeliingB 
of the sieve, wliile the crystals remain behuid and are thua 
nearly dried. The final diyiug is effected by plaoiug the crya- J 
tals in a warm room. 

When beet* are used the process is casontialiy the some, 
though there are some differences in the details. 

The mother liquors which are obtained from the " ecutrif- 
ugiite " are further evaporated, and yield lower grades of sugar ; 
and, finally, a syrup is obtained which does not crystallize. 
This is molasses. Molasses is sometimes brought into the 
market as snch ; sometimes, particularly when obtained from 
l>eet sugar, it is allowed to ferment for tlie purpose of making i 
alcohol. The spent wash, or waste liquor, " Tinasse," is now 
evaporated to dryness and c.ilcined for the purpose of getting 
the alkaline salts contained in the residues. The products of 
distillation are collected, and from them tri-methyl- amine ia 
separated (see p. 96) . 

Sugar cryetallizes from water in well-formed, largo mono- 
. clinic prisms. It is dextro-rotatory. When heated to 210° to 
220°. cane sugar loses water, and is converted into the substance 
called canimel, whicli is more or less brown in color, according 
to the duration of the heathig and the temperature reached. 
Boiled with dilute acids, cane sugar ia split into equal parts 
of dextrose and levulose, as has been stated. The mixture of 
the two is called mvert-sugar. The process is called inversion. 
It takes place, to some extent, when impure sugar is allowed 
to stand. Hence mvert-sugar ia contained in the brown sugars 
found in the market. Yeast gradually transfomiB cane sugar 
Into dextroae and levulose, and these then nndet^o fermenta- 
~ ) augav itsclt does not ferment. 
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Experiment ;J9. Arrange two pieces of apparatas as in Exp. 7. 
In one put 40k to 50k grape sugar and a certain quantity of jeast, as 
in Exp. 7; in the otlier put the same amount of cane sugar and of 
yeast. Notice the difference. 

■ • ■ 

Cane sugar does not reduce an alkaline solution of copper 
sulphate. 

Kxperiment 40. Prepare a dilute solution of cane sugar by dis- 
solving IK to 2K in 200CC ^yater. Test this with Fehling's solution, 
as in Exp. 38. Now add to the sugar solution 10 drops concentrated 
hydrochloric acid, and heat for half an hour on the water-bath at 
100^; exactly neutralize the acid with a dilute solution of sodium 
carbonate, and test with Fehling*s solution. 

Oxidizing agents readily convert cane sugar into oxalic acid 
(see p]xp. 34) and saccharic acid. 

Like dextrose, cane sugar forms compounds with metals, 
metallic oxides, and salts. Among these the following may 
be mentioned : — 

Sodium siicrcUe .... C12H21OH . Na, 

Sodium-chloride Hucrate . . C12H22OU . NaCl, 

Ccdcium sucrate .... CigHaoOu • Ca, 

and lAme sucrate C12H22O11. 2 CaO. 

These derivatives are not sweet. 

An oct'Ocetate of the fornmla Ci2Hi4(C2H30)80.: has been 
made by treating sugar with sodium acetate and acetic anhy- 
dride. 

Thougli cane sugar readily breaks up into dextrose and levu- 
lose, no one lias succeeded as yet in effecting the union of these 
two substances to form cane sugar. The character of the 
relation between it and the two glucoses is not understood. 

Sugar of milk, lactose, O12H22OJ1 4- H2O. — This sugar 
occurs in the milk of all mammals, and is obtained in the manu- 
facture of cheese. The casein is separated from the mUk by 



tneanB of rennet; the sugar of milk remains in solation, is 1 
separated by evaporation, and purified l)y re crystallization. It I 
crystallizes in rbombic crystals. That which comes into the 
market has been erystallizeil on strings or wood splinters. It 
has a slightly sweet taste ; is much less solnble in water than i 
cane sngar, and is dextro-rotatory. It reduces Fehliug's sola- ] 
tion. Oxidized with nitric acid, it yields iDUcic and saccharic 
acids. Nascent hydrogen converts sugar of milk into mannite, , 
dulcite, and other substances. Like dextrose and cane sugar, ] 
it forms compounds with basea, dissolving lime, baryta, lead | 
oxide, etc. ( 

Sugar of milk ferments under certain circumstances, and 
thus converted into lactic acid, Tlie souring of milk is a 
(ult of this fermimtatiou. Tlie lactic acid formed coagulates 
casein; hence the thickening. 

■ Maltose, OuHjjOi,. — This carboliydrate is formed by the : 
ction of mrdt on starch. Malt, whieJi ifs made by steeping . 
bai'ley in water until it germinates, and tlieu drying it, contains I 
a substance called diastase, which has the power of effecting I 
ohanges similar to some of those effected by the ferments. 
Thus, it acta upon starch, and converts it into dextrin and 
aialtoae : — 

3 CcHjA + HP = C„HkO,| + CbH^Oj. 

Slorch. Hal lose. DBIlrin. 

Maltose is also formed by the action of dilute sulphuric acid ' 
"lK>u starch, and is hence contained in commercial glucoses. 
•*y further treatment with autplnu-ic acid it is converted into 
''^xtrose. Maltose crystallizes in fine needles ; is dextro-rota- 
toj-y . reduces Fehliug's solution, and ferments with yeaat. 

Tete Cellulose Group, CnHioOj. 

CelluloBe, CcHinOs, — Celluloae forms, as it were, the ground 

"*ork of all vegetable tissues. It iireaents different appearances 

M>d different properties, according U) the source from which it 
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is obtained ; but these differencee ore dne t^i Babatances irilh 
which the cellulose ia mixed ; and wheu they are remored, 
the cellulose left behind is the same thing, no matter wbat 
its source may have been. The coarse wood of trees, as well 
as the tender shoots of the most delicate plauts, all coDtaln 
cellulose as an essential constituent. It forms the membrsuie 
of the cells. Cotton-wool, hemp, and flax consist almost 
wholly of cellulose. 

For the preparation of cellulose, either Swedish filtev-paper 
or cotton-wool may be taken. 

Kxperlment 41. Treat some cottnii-wool successively with etliur. 
alcohol, water, a caustic alka'i, and, linaliy, a dilute acid. Tljen wash 

Cellulose is amorplions ; insohible in all ordinary solvents ; 
soluble in an amraoniacal solution of cupric oxide. It dis- 
solves in concentrated sulphuric acid. If the solution is 
diluted and boiled, the cellulose is conveited into dextrin 
and dextrose. It will thus be seen that ri^s, paper, and 
wooil, which consist largely of cellulose, might be used foi 
the preparation of dextrose or glucose, and consequently oi 
alcohol. 

Esperlmeut 42. Dissolve a sheet or two of flltcr-p&per In as sm^ 
a quantity of concentratcfl sulphuric aclil as will uuflice; dilate witt 
water to about half to three-quarters of a litre, and boil for an lioar 
Beuiove the Bulphnrlc acid by means of chalk; niter; evaporate; anc! 
test for dextrose by meaua of Fehling's solution. 

Gxin cotton, pyroxylin, nitro-oellulose. — Cellulose has 
1 some of the properties of alcohols ; among llicm tlie power U 
form ethereal salts with acids. Tlius, when treated with nitric 
acid, it forms several nitrates, just as glycerin forms the nitrates 
known as nitro- glycerin (which see). 

Treated for a short time with sulphuric and nitric acids, 
cellulose is converted into the lower nitrates, particularly the 



^■aiw tiente-^tnttes. A solution of these in a mlxtare of ' 

sr aad alcohol is known as collodion solution, which is much 

fused in photography. When poured upon any snrface, such a 

glaas, the ether and alcohol rapidly evaporate, leaving a thin 

coating of the nitrates which were in solution. 

When treated for twenty-fonr hours at 10° with a mixture 

f. nitric and sulphuric acids, cellulose yields the kexd-nitrate 

H|40,(0. NOj)e, which is used as an explosive under the 

e of gun cotton. It is used chiefly for blasting. 
An intimate mixture of gun cotton and camphor has come 
into extensive use under the name of celluloid. Aa it is plastic 
St A slightly elevated temperature, it can easily be moulded into 
any desired sliape. When it cools it hardens. 



Paper. — Paper in its many forms consists mainly of ceilii- 
ioae. The essential features in the manufacture of paper are, 
first, the disintegration of the substances nsed. This is effected 
partly mechanically, and partly by boiling with caustic soda. 
The mass b converted into pulp by means of knives placed on 
rollers. The pulp, with the necessary quantity of water, is 
then passed between rollers. Chiefly rags of cotton or linen 
are used in the manufacture of paper ; wood and straw are 
also used. 



Starch, CsHmOs. — Starch is found everywhere in the vege- 
table kingdom in laige quantity, particularly in all kinds of 
grain, aa maize, wheat, etc. ; in tubers, as the potato, arrow- 
root, etc. ; in fruits, as chestnuts, acorns, etc. 

In the United Slates starcli is manufacture<l mainly from 
maize; in Europe, from potatoes. 

The proceasea involved. in the manufactnre of starch are ■ 
utostly mechanical. The maize is first treated with warm 
water; the softened grain is then ground between atones, a 
stream of water running continuously into the mill. The thin 
paste which is carried away is brought upon sieves of silk bolt- 
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ing-cloth, which are kept in constant motion. The starch p 
through with the water as a milky fluid, and this is allow< 
settle when the water is drawn off. The starch is next tr* 
with water containing a little alkali (caustic soda, or so 
carbonate), the object of which is to dissolve gluten, oil 
Tlie mixture is now brought into shallow, long wooden 
where the starch is deposited, the alkaline water running 
Finally, the starch is washed with water, and dried at i 
temperature. 

Starch has a granular structure, the grains as seen und( 
microscope having a series of concentric markings, the nu 
of which is at one side. 

Starch in its usual condition is insoluble in water. If gi 
with cold water, it is partly dissolved. If heated with y 
the membranes of the starch-cells are broken, and the cor 
form a partial solution. On cooling, it forms a transp 
jelly called starch paste. 

With iodine, starch paste gives a deep blue color ; witt 
mine, a yellow color. 

Experiment 43. Make some starch paste thus : Put a few | 
of starch^ in an evaporating dish ; pour enough cold water upoi 
cover it ; grind it under the water with a pestle, and then pour 2( 
300<^c hot water upon it. When this is cool, add a few drops to { 
of water, and then add a few drops of potassium iodide. As lo 
the iodine is in combination with the potassium no change of 
talves place ; but if the iodine is set free by the addition of a dr 
two of chlorine water, or of strong nitric acid, the entire liquid 
a beautiful dark blue. The cause of this color is the formatior 
very unstable compound of starch and iodine. The color is 
destroyed by a slight excess of chlorine water (try it in a test-t 
by alkalies (try it) ; by sulphurous acid (try it) ; by hydrogen su! 
(try it) ; etc. It is also destroyed by heating. (Heat some c 
solution in a test-tube, and let it stand.) The color reappea 
cooling. 

1 The purest form of starch to be found in the market is that made from arro 
Ordinary starch contains other substances which sometimes interfere with the res 



Use some of the atarcli pMte In Btodjlng t 
eflfecl of bromine upon It. Use dilute solutions. The broraiiie mnBt | 
be In the free tondltion. 

It has been stated that starch is converted into dextrin, nml- 
tuae, and dextrosii hy dilute acRls ; iii]il tliut diuatase converts | 
»t intw maltose and destriu. 

Experlinent 4S. AilJ 20™ concentrated hydi'ocliloric acid to 200™ 
of the starch paste already made, and tieat for two hours on the water- 
l>oth, connecting the flask ivitli aii inverted condenser (see Fig. 8). 
Then exitmine with Fehllug's solution. Test, also, some of the original 
Starch paste with Fehling's solution. 

Dextrin, CfHmOs. — Dextrin, as has been stated, is formed 
V)j treating stjirch witli dilute acids or diastase. It is converted 
V)y furtiier treatment with acids into destrose. The substance ' 
dinarily called dextrin baa been shown to be a mixture of 
tveral isomeric subatancea whicli resemble each other very \ 
Bcly. The mixtui-e ia an u n cry stall iz able solid. It is J 
rongly dextro-rotatory ; gives a red color with iodine, and 
i not re<lnce Fehling's solution. It is used extensively as 
ubstitute for gum. 

-Under this head are included a nnmber of aub- 
OOeB whicb occur in nature. One of the best known is gum 
bic, wliich ia obtained in Senegambia from the bark of trees 
jonging to the Acacia variety. Its formula, like that of cane 

CijHi,Oj|. Other gums are wood gum, obtained from 

t}ie birch, asb, beech, etc. ; bassorin, the chief coustitneiit ol 
gum tragacanth, etc. 
Our knowledge of the chemistry of these gums is very limited. 



CHAPTER Xn. 

MIXED COMPOUNDS CONTAINING NITROGEN. 

In speaking of the preparation of dibasic acids from mono- 
basic acids, reference was made to cyan-acetic and the two 
cyan-propionic acids. These are nothing but simple cyanogen 
substitution-products analogous to chlor-acetic and the two 
chlor- propionic acids. They are made by treating the chlorine 
products with potassium cyanide. They have been useful 
chiefly in the preparation of dibasic acids, as described in con- 
nection with malonic and the two succinic acids. It will there- 
fore not be necessary to consider them individually here. 

Note for Student. — How can malonic be made from acetic acid; 
and the two succinic acids from propionic acid ? Give the equations. 

The chief substances to be considered under the head of 
misced compounds containing nitrogen are the amido-acids and 
the acid amides. As will be seen, both these classes of sub- 
stances are of special interest, as they represent forms of com- 
bination which are favorite ones in nature, especially in the 
animal kingdom, some of the most important substances found 
in the animal body, such as urea, uric acid, glycocoU, etc., 
belonging to one or both the classes. 

Amido-acids. 

The relation of an amido-acid to the simple acid is, as the 
name implies, the same as that of an amido derivative of a 
hydrocarbon to the hydrocarbon. That is to say, it may be 
regarded as the acid in which a hydrogen is replaced by the 
amido group, NHg. Thus, amido-acetic acid is represented 




AMIDO-FORMIO ACID. 



Ida 



; while amido-methane, or methyl-'l 



t*y the formula CH, < ^p „ . 

a.iaiine is represented thus, CHa-NHj. The reasons for regard- 1 
't»g metbyl-amine as a anbslituted ammonia, as represented,,! 
llave been stated. The formula is based upon the reaetions J 
<^* the substance; that is, upon its chemieiil conduct and the J 
Haetiiods used in its preparation. The same ai'genients li 
iia the same way to the view that tlie amido-aeids 
Substituted ammonias, and, at the same time, acids. The:] 
simplest raeLliod for their preparation consists in treatio| 
l-»a!ogen derivatives of the aeids with ammonia; thus i 
^«ettc acid eau be made by treating brom-ac«tic acid witttfl 



NOTK FOB StIJ1>BNT. — t 

or for makiug methyl-iimiDc 



ivlth tlint made u 
NH, 



Amido-formic aoid, carbamic acid, j,„„- — This addf 
the fret 
formed when carbon dioxide uiul ammonia arfc i 



La not known 
nil, 



CO,H 

: condition. Its ammonium 



CO,NH, 

lirotight t<^ether : - 



COj 



NH,, 

I 
- 2 NHa = CO..NII^. 



The other carbamates are prepared fi-ora the ammonium 
Biilt. They are decomposed, yielding carbonates and ammonia. 
Thas, when potassium uiirbamate is wanned iq water solution, 
decomposition takes place, as represented in the equation, — 

NH,.COi,K + H,0 = NHs + HKCO,. 

The ethereal sails of carbamic acid ore readily made bj'l 
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treating the ethereal salts of chlor-formic acid (see p. 1. 
with ammonia : — 

CI NH2 

I I 

CO2C2H5 + 2 NH3 = CO.CgHs + NH4CI. 

Amido-formic acid cannot be taken as a fair represental 
of the amido-acids, any more than carbonic acid can be ta' 
as a fair representative of the hydroxy-acids. 

amido-acetic acid, i ^ \ ^ CO2H/' 

bile are contained two complicated acids, which are known 
glycocholic and taurocholic acids. When glycocholic acic 
boiled with hydrochloric acid, it breaks up, yielding cholic s 
and glycocoll. In the urine of horses is found an acid knc 
as hippuric acid. When this is boiled with hydrochloric sn 
it breaks up into benzoic acid and glj'cocoll. 

When uric acid is treated with hydriodic acid, glycocoll 
one of the products. Further, gh'cocoU is formed when g 
is boiled with baryta water or dilute sulphuric acid. Its fori 
tion from brom-acetic acid and ammonia, mentioned above, gi 
the clearest indication in regard to its relation to acetic acid. 

Amido-acetic acid has both acid and basic properties, 
unites with acids, forming weak salts ; and it acts upon bag 
giving salts with metals, — the amido-acetates. It also uni 
with salts, forming double compounds. 

Examples of the compounds with acids are the 

Hydrochloride .... CH2 < ^ ^ * ? 

and the Nitrate CH2<^^2.HN03 

of the salts with metals. 

Zinc amidO'Ocetate . . Zn(C2H4N02)2 4- H2O, 
and Copper amido-acetate . Cu(C2H4N02)2 + HgO ; 




^NH.OH\ 

treiited witli Tiietlij'l-aiuiiie instead of 
t, n. reacUon lakes place aimilar to that wliicb takes 
plu(« with ammonia, the product being methyl ylycocoll or sureo- 



.Br 



- Nllj 



^^' < Sl^ I. + 2 CH,. NH, = CHs< ™ j^'^^^ + NII,(Cn„)lir. 

Snrcositic is ii product of tlie decomposition of creatine, which 
is found in meat, and of caffeine, -which is a coDBtituent of coffee 
Mid ton. It is obtained from creatine and caffeine by Bbiling 
Itiem with baryta wal«r. 

Its [irffperlaes are much lilcc those of glycocoll. 

Amido-propionic acids, CjHiNOj. — Tiiese acids bear to 
propionic acid relations similar to that whicli amido-acetic acid 
hoars to acetic acid. There are two, corresponding to a- and 
;3-clilor-propionic ucida, from which they are made. They are 
iiut found in nature. Their properties are much like tliose of 
giycocoll. 

NoTK FOR Stcdekt. — Wliiit siibstonccs wonlil be fonneci by treat 
in;; the twu wnido-proplonlc actda with nitrou?) oelds? 

frnnTjC the amido derivatives of the higher members of ttie 
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fatty acid aericB, tlial of caproic acid should be spcciaUyin 
tioned. 

Leucine, a-ami do -caproic acid, 

C3n.no, [-CH, . CH, . CH, . CH, . CH(NH,\ C03 ]■ 
Iji'UPiue is found very widely distriljutcd in the animal kingdoia, 
as in the spleen, pancreas, and brain. It lias also been fonnd 
in the vegetable kingdom in a few plants. It is produced by 
the decomposition of substances containing albumin or gebtiil. 
It has been made by treating u-brom-caproie acid with aininouia. 

Amiiio-sulpuonic Acids. 

Just as tiiere are nniido derivatives of the carl>onic arids, 

so, too, there are amido derivatives of the eulphonic ncidB, 



Onlv 



3 of these need be considered. 



Taurine, \ m WRrt ( - rtr ^ SOkH\ 

Amido-isethionic acid, > '^.ilTiNBU,!^- l.>,±l,<jjg^ J 

Taui'ine is fonnd in combination with cholie acid in taurocholic 

acid, in ox bile and the bile of many animals, as well as in 

other animal liquids. It has been made syntiiotically from 

isethiouic acid, CjH, < , by treating the acid anccessively 

with phosphorus pentachloride and ammonia : — 

-C! 



C,H.<' 



4- 2 KtCi^ + 2 UCli 






Ohlur-elhyL.BUlplioii-i 



Chloc-elbyL-BUlpbunlc noid. 



SO,OH 



SO,H 



-NH4CI. 



Taurine crystallizes in large tetragonal prisms. It is a verj 
stable substance, and can be boiled witli concentrated acids with- 
out decomiKJsition . With nitrous acids it yields isettiionic acid. 

It unitoB with bases forming salts. 




A.p»rtic aoid, ]o»NO,(.O.H.(NH.)<™'H]. 

Anudo-succinic acid, ' V CO^MJ 

iBiiartic acid occurs in pumpkin seeds, and 1h frequently 

Bet witli as a produt't of boiling variona natural eompounde 

feth dilute acidB. Thtis, for example, it is formed when 

' and albumin are treated in this waj-. It is formed alec when 

asjiaragine (which see) is boiled with acids or alkalies. 

Aspartic acid orjatallizes. It tiu'us tho plaue of polarization, 
tinder BOiiie ciraiimstaiicee to the right, under others to tlie left, 
Ti'eatcd with iiiti'ous acids it yields malic acid. 



Acid AirrnES. 
Wlien the anmioniiiin salt of acetic acid ia heated, it gives off 
^*atcr, and a Ijody distils over wliich i.s known an ai:e/amide. 
Tht reactiou which takes place ia represented by the following 
equation : — 

CHa.COONH, = CHg.CONHa + HjO. 

I The substance obtained has neither acid nor basic properties. 
V An examination of the ammonium salts of other acids shows 
\ Uiat tijc reaction ia a general one, and a class of neutral bodies, 
I ^nowQ as the acid amides, can thus be obtained, 
i As no one of the acid amidea of the fatty acid series is of 
^Kl^al importance, a few words of a general character in regard 
^K the class will suffice. 

^f Besides the reaction above referred to for making the acid 
I tonides, there are two others of general application. One con- 
I Bists in treating an ethereal salt of an acid with aonmonia ; 
I ll)iig, when ethyl acetate is treated with anunouia, tliis reactiou 
I takes place ; — 

I CH^.COjCjH, + NH3 ^ CHa-CONHn + CJIaO. 
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The otlier reaction consists in treating the acid chlorides with 
ammonia. Tlius, to get acetamide, we may treat acetyl chloride 
(see p. Gl) with ammonia: — 

CIT3.COCI + 2NII3 = CH3.CONH2 + NH4CI. 

This last reaction is perhaps used most frequently. It shows 
the relation which exists between acetic acid and acetamide. 
For acetyl chloride is made from acetic acid by treatment with 
phosphorus trichloride, and is, therefore, as has been pointed 
out, to be regarded as acetic acid in which the hydroxyl is 
replaced by chlorine. Now, by treatment with ammonia the 
same reaction takes place as that which we have had to deal 
with in the preparation of amido-acids, the chlorine is replaced 
by the amido group. Therefore, acetamide is acetic acid in 
which the hydroxyl is replaced by the amido group, as shown 
in the formulas : — 

O O 

I I 

CH3.C-OH CH3-C-NH2. 

Acetic acid. Acetamide. 

As the acid hydrogen of the acid is replaced, the amide is not 
an acid. On the other hand, the basic properties of the am- 
monia are destroyed by the presence of the acid residue as a 
part of its composition. This latter fact may be stated in 
another way ; viz., when an ammonia residue is in combination 
with carbon, which in turn is in combination with oxygen, its 
basic properties are destroyed. 

The amides are converted into ammonia and a salt when 
boiled with strong bases : — 

CH3 . CONH, + KOH = CH3CO2K + NHj. 

They are converted into cyanides by treatment with phos- 
phorus pentoxide P2O5 : — 

CH3.CONH2 = CII3.CN -f H2O. 

As the substance obtained iu this way is identical with methyl 



lAom AMroEs, 

-which is formed by treating methyl- sulphuric acid with 

I cyanide, the reaction furnisliee ailditional evidence 

of the conclusion already reached; viz., tJiat in the 

the carbon and not the nitrogen of the cyanogen 

In combination with the hydrocarbon residue, as repre- 

the formula CH3— C-N. 

tamidc is made by treating ammonia with the chloride 

ROid, 80, by treating ammonia with the chloride of any 

corresponding amidii can he made. So, also, by treat- 

>nia with acid ctilorides, or by treating acid amides with 

ads, more complicated compounds can -be obtained. 

tCHO (^'^''^ 

di-acetamide, NH-{ ' ' , and tri~acetamide, ni C,II,0, 

^^■'^'^ lc,H,0 

e as examples. The relations of these substances to 
and to acetic acid are shown by the formulas, ordinary 
oetamide being NHj.CaHgO or CH3.CO.NHa. 




ment 40. Arrange an apparatus as siiown tn Fig. 12. t»^ 
It 60S oxalic acid tdelijdrateii at 100'=) ana 60" nbaolnle alco- 
|ln Qask B, 60b absolute alcohol. Heat the batii D to 100°; 
eat the alcoiiol lu Haal: B tu boiliug, aiid continue to pasa 
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the vapor from Rank B into the mixture in llaak A, meanwhile allowing 
the Icuiperalure of the oil-bath to rise to 125^-130°. A mixture of 
alcoliol uLiU ethjl oxalate will distil over, while the etlij! oxaluie will 
be moatlj Id llaak A. Add concentrated ammonia to some of the ctli;l 
oxalate. Oxamlde is ihrowo down as a white powder. What reactions 
have taken plate? Write the equations. Filter off the oxamidc, and 
wash It with water. See whether it conducts Itself like an acid. Has 
It an acid reaction? Boil with canstic potash (not too much), and 
notice whether ammonia is given off. Why does It dissolve? How can 
the oxalic acid t>e extracted from the solution? 

Wlicn tlic amide of a po]y-ba.sic acid is boiled with ammo- 
nia, and under some other uircumataiiceB, partial decompositiOD 
takes place, and a substance is formed wliicli ie botli amide and 
acid. Thus, in the case of oxamide, the product is oxamie 

CO^H 
acid, I . This acid forms well- characterized sa^ and 

CONH, 
other derivatives such as are obtained fiom acids in general. 
There is one acid of tliis kind which is a well-known uaturs> 
substance. It has already been referred to iu connection will 
aspartic acid, which is closely related to it. It is 

Aaparagine, amido-auccinamio acid, 

^CONHA_,__„ . .. 



1,0^= 0,-E 



found iu many plants, as in asparagus, liquorice, beets, peas 
beans, vetches, etc. It can be made by treating mon-etliyL- 
amido-succmat« with ammonia. 

Note for Student. — What reacHon takes place ? Write th* 
ec|uation. 

Asparagine forms large rhombic crystals, difficultly soluble 
iu cold water, more easily in hot wat«r. Wben lioilcd witti 
acids or alkalies, it is coni-ertcd into aspartic acid and ammonia^ 

NoTB FOR Stcdknt. — Notice that only the amldo group of the 
amide is driven ont of the compound hy this treatment. The othe« 
amldo group which is coutained in the hydrocarhon portion of the 
compound ia not disturbed. 

Witrons acid coaverta asparagine into mijic wad. 
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Oyan-amidea, ON,Hi.— lu speaking of cyanic acid, the 
existence of two cliloritlcB of cyanogen waa mentioned: one 
a iiqniil, having the formula CNCl; the other a solid, of the 
formula CaNjClj. When the former ia treated with anunoniaj 
it is converted into an amide, CN-NH^, which bears to cyanic 
acid, CN.OH, the relation of an amide. Like the other 
simple compounds of cyanogen, cyan-amide readily undergoes 
ohnnge. When simply kept nnmolested, it is converted into 
(ii-ct/ait-diafaide, CjNJI,; while, when heated to 150", a violent 
reaction takes place, and Iri-cyan-triamide, CaNaHg, is formed. 
Whether or not the formulas given really express the tnie 
inoleculnr weights of the products is not known. It can only 
be said that the changes involve no change in percentage 
composition, and therefore are cases of polymerisation. The 
formation of tlie compounds is particularly intevestiug, as illus- 
trating the tendency on the part of tlie simpler cyanides to 
undergo change under slight provocation. 

Ouanidine, CNjHs. — This substance, which is closely related 
to cyan-amide, is formed by the oxidation of guanine (which 
see), und this in turn is obtained from guano. It can also be 
made by treating cyanogen iodide with ammonia : — 

CNI + 2 Nil,, = CN,H,.HI, 
the product being the hydfiodic acid salt of guanidiuc. As 
will l>e seen, guanidine is cyan-amide phis ammonia : — 
CN.NH.; + NHg = CN3H.. 

It is a strongly alkaline base. Boiled with dilute sulphuric 
acid or taryta water, it yields urea and anunonia : — 



i 



- H2O = CONjH, -t- NHa. 



Creatine, CHbNjO-j. — This substance is found iu the 
moscles of all animals. It is closely related to guauidiuc and 
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also to sarcosine (see p. 193). It has been made synthetically 

by bringing cyan -amide and sarcosine together. The reaction 

which takes place is analogous to that made use of for the 

preparation of guanidinc. Tlic analogy is shown by the two 

equations, — 

CN . NH2 + NH3 =t CN3H5, 

Guanidine. 

or (CNjHa.NH,), 
and CN . NII2 + N ] CII, = CN,H, • N { ^^» 

CCHj.COiiH Creatine. I ^Hs-^^U^, 

Sarcosine. 

or C4H0N8O2. 

Urea, or carbamide and derivatives. — Closely related 
to the nitrogen compounds just considered is urea, or the 
amide of (•ar])onic acid. Its importance and certain peculiari- 
ties distinguish it from the other acid amides, and it is there- 
fore considered ])v itself. 

Urea is found in the urine and blood of all mammals, and 
particularly in the urine of carnivorous animals. Human 
urine contains from 2 to 3 per cent ; the quantity given off by 
an adult man in 24 hours being about 30^. Urea can be made 
by the folio wins: methods : — 

(1) By treating carbonyl chloride with ammonia: — 

COCI2 + 2 NH3 = CON2H4 + 2 HCl. 

What is the analogous reaction for the preparation of acetamide? 

(2) By heating ammonium carbamate : — 

^^ < ^lu = ^^^^^114 + H2O. 
ONH4 

What is the analogous reaction for preparing oxamldc? 

(3) By treating ethyl carbonate with ammonia : — 

CO < ^^^' + 2 NH3 = CON2H4 + 2 C^,0. 



(4) By tho addition of wJ.iev to cyau-amide : — 

CN . NHa + HaO = CONjH.. 

(5) By evapotfitiou of ammoniiiai cyanate in aqueous solu- 

CN(ONH,) = CON2H4. 

This reaction is of special interest, for the reason that it 
afforded the first example of the fortnatiou, hy artilicial methods 
from inorganic substances, of an organic compound found iii 
the animal body (see p. 1). 

Urea is most readily obtained from urine, 

Experiment 47. Evaporate four or live litres /resA urine toathlo, 
synipy consistence. After cooling add ordinary coucentrated nltrio 
acid, when crystals of nreo nitrate are obtained. Filter, wish, aud 
rei^stalllze from moderately concentrated nitric acid. Wlien the 
crystals of urea nitrate are widte, dissolve again in water, and add 
fliicly-pon'dered barium carbonate. The nitric acid forma bailum 
nitrate, aud tho urea Is left In free condition. Evaporate to dryness, 
and from the residue extract the urea with strong alcohol. 

Experiment 48. Make pofaealuin cyanate as directed In Expail- 
ments 24, p. 82, and S<j, p. 83. Extract the cyanate with cold water, and 
add a solution of ammonium sulphate uontainlng as much of the salt aa 
there was used of potassium ferrocyanldo In the preparntiou of the 
cyanate. Evaporate to a small volume, and allow to cool. Potassium 
sulphate will crystallize out. Filter this oEf, and evaporate to dryness. 
Extract with alc<ihol. The urea will crystallize from the alcoholic 
solution when it is brought to the proper concentration. Give ail the 
reactious Involved in passing from potassium ferroeyanide to urea. 
Compare the urea made artllieially with that made from urine. 

Urea cryatallizea from alcohol iu large <juadratic prisms, 
which melt at 132°. 

Lie Iting- points of both the natural 
Urea is eaaUy aulublu in water aud alcohol. Heated with, wa-tsi^ 



202 MIXED COMPOUNDS CONTAINING NITROGEN. 

in a scaled tube to 100°, it breaks up into carbon dioxide 
and ammonia : — 

CON2H4 + H2O = CO2 + 2 NHg. 

The same decomposition of the urea takes place spontaneously 
when urine is allowed to stand. Hence the odor of ammonia 
is always noticed in the neighborhood of urinals which are not 
kept tiioroughly clean. 

Sodium hypochlorite or hypobromite decomposes urea into 
carbon dioxide, nitrogen, and water : — 

CON2H4 + 3 NaOCl = Na^COg + NaCl -f Ng -f H2O + 2 HCl. 

Experiment 50. To a solution of 20* sodium hydroxide in 100<^ 
water add about 5<^c bromine, and shake well. Make a solution of ures^ 
in water, and add to the solution of the hypobromite. An evolutioT 
of gas will be noticed, showing that the urea is decomposed. 

Nitrous acid acts in the same way : — 

CON2H4 + 2 HNO2 = CO2 + N4 + 3 H2O. 

When heated, urea loses ammonia, and yields first hiur^^ 
and finally cyanuric acid (see p. 84) : — 

2CO(NH2)2= C2H5N3O2 + NH3; 

Biuret. 

3 CO(NH2)2= C3H3O3N8 + 3 NHg. 

Cyanuric acid. 

Urea unites with acids, bases, and salts. The hydrogen cc: 
the amido groups can be replaced by acid or alcohol radicals^ 

NH P IT O 

giving compounds of which acetyl urea, CO < -23^ qj^^ 

NHC II 1 -^^^2 

ethyl urea, CO < '^ S are examples. 

Among the compounds with acids, the following may b^ 
mentioned : urea hydrochloride, CH4N2O . HCl ; urea nitrate^ 
CH4N2O . HNO3 ; and urea phosphate, CH4N2O . H3PO4. WittJ 
metals it forms such compounds as that with mercuric oxide^ 
HgO.CH4N,0 ; with silver, CHaN.O. Agg, etc. With salts it form^ 
such compounds as HgCla . CH4NJJO, HgO.CH4N2O.HNO8, etc. 
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Substituted ureas, — that is, those derivatives of urea which 
contain hydrocarbon residues in place of one or all the hydrogen 
atoms, — can be made from the cyanates of substituted ammo- 
nias. The fundamcntlil reaction is the spontaneous transforma- 
tion of anmaoniura cyanate into urea : — 

CN.ONH4 = CO(NH2)2. 

In the same way, cyanates of substituted ammonias are trans- 
formed into substituted ureas : — 



CN .ONH3 .C2H5 = CO < "' "^2-5 . 



NHaH, 
NH2 



CN.ONHo(C2H,)2 = CO < ^iP-^'^^ etc. 

rsH2 

The urea derivatives which contain acid radicals are made by 
treating urea with the acid clilorides : — 

C0<^2 + C2H3OCI = CO <NH.C2H30 ^ jj(.| 
^^2 NH2 

Acetyl urea. 

Note fok Student. — In what sense is acetyl urea analogous to 
acetamlde? 

There are several derivatives of urea and radicals of dibasic 
acids, as oxalic and malonic acids, which are of special interest, 
as they are closely related to uric acid ; and their formation from 
this acid has thrown much needed light upon the inner nature of 
the acid. 

Parabanio acid, 1 ^ „ ^^ ^ /^ OO.NH \ 

^ ,, M-OsECiNaOa = I >0O).— Parabanic 

Oxalylurea, i < \ OO.NH / 

acid is formed by boiling uric acid with strong nitric acid and 

other oxidizing agents, and by treating a mixture of urea and 

oxalic acid with phosphorus trichloride : — 

C2H2O4 + CO(NIIo)2= CSH2N2O3 -H 2H2O. 
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It acts like an acid. Its salts readily pass over into salts of 
oxaluric acid (which see) . Treated with alkalies it breaks up 

into urea and oxalic acid. As will be seen, parabanic acid is 

CO,NH, 
analogous to oxamide, | , the residue of urea acting the 

CO.NHj 

part of the two amido groups. 



/ OO.OH \ 

A\= CO. HN .CO. NhJ , bears to 



Oxaluric acid, 08H4N2O4\= CO. HN 

parabanic acid the same relation that oxamic acid bears to 
oxamide. It occurs in the form of the ammonium salt in small 
quantity in human urine. 

Barbituric acid, malonyl urea, 

04H,N,O3 + 2 H,o( = OH, < ^q ^^ > ^o)' " Barbituric 

acid, like parabanic acid, is a product obtained from uric acid. 
It has been made artificially by treating a mixture of malonic 
acid and urea with phosphorus oxichloride : — 

CH2< ^^^^ + CO <^^2 ^ CH2 < ^2* "^^ > CO + 2 HgO. 
' COOH NH2 ' CO.NH ^ 

Treated witli an alkali, barbituric acid breaks up into malonic 
acid and urea. 

The relation of the acid to malonic acid and urea is the same 
as that of parabanic acid to oxalic acid and urea. 

Sulpho-urea, OS(NH2)2. — This substance is formed by 
heating ammonium sulpho-cyanate, the reaction which takes 
place being analogous to that by which urea is formed from 
ammoniqm cyanate : — 

CNSNII4 = CS(NH2)2. 

A number of derivatives of sulpho-urea have been made. 
They resemble those obtained from urea 




XAHTHINB. 

3 acid, OfcECiN'iOi. — -Uric acid occurs in buman urine, 
I certain ui'inai'j calculi, in the urine of carnivorous aniuuila, 
I of birds. Tlic excrement of serpents consiats almost 
(rely of ammonium urate. It has been made by heating 
|ethcr amido-acolic a«id and urea, and by other methods. 
Uric acid is best prepared either from serpenta' excrement or 
guano. 

It forms a crystalline ix)wder, which is ahnoat insoluble in 
'water. It is a monobasic acid, though weak compounds with the 
nlhali metals can be made which contain two atoms of metal 
in the molecule. 

Uric acid has been the subject of a lai'ge number of inter- 
esting investigations, and many dei'ivatives have been obtained 
Irom it. It would only tend to confusion to give an account of 
many of these derivatives here. Hence only a few of the trans- 
formations which have been effected, and which give an insight 
into the nature of the acid, will be mentioned. 

1. By heating uric acid, ammonia, hydrocyanic acid and urea 
are foimed. 

2. Heated with hydriodic acid, it yields carbon dioxide, ammo- 
nia, and glycine : — 

C^iNA + 5 H,0 = 3 COs -h 3 Nil, + C:,H.,NOj. ' 

3. Oxidizing stents convert uric acid either into allanteftn, 
a eouiplioated substance of the formula C^HaNiOs, or aUoxan^ 
CjHjNjO^, which is closely related to pai'abanic acid, or oxalj'l 
urea (see p. 203), and biirliituric neici, or malonyl urea (see 
II. 204). 

Xanthine, CsH.NiOj, is found in some rai'e urinai-y cidculi 
and in several annual liquids. It is formed by the action of 
nitrous acid on guanine, CsIIjNsO ; — 

C(Ii,N,0 + HNOa = CsH,NiOa -|- HjO + N,. 

It has been shown that this transformation involves 
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the replacement of an inside group, NH, by an atom of 
oxygen. 

Theobroinine, ) ^ ,-p ^^ ^ r ^ -r^ ^^«. x ^^ ^ -i . 

substance found in chocolate prepared from the seed of the 
cacao tree. It has been made by ti*eating the lead compoand 
of xanthine with methyl iodide. 

Caffeine, theine, trimethyl-xanthine, 

0„H,oN40, + H,0[=05H(OH3)3N402 + H20], is the active 
constituent of coffee and tea. It has been made from theo- 
bromine by the introduction of a third methyl group. 

Thus, as will be seen, a close connection is established 
between the active constituents of coffee, tea, and chocolate on 
the one hand, and xanthine and guanine on the other. 

Guanine, OsHsNsOC- 05H3(NH2)N4O], is found principally 
in guano, from which it is prepared. Nitrous acid converts it 
into xanthine. Oxidizing agents convert it into guanidine, 
CN.Hfi (seep. 199). 



Retrospect. 

Before passing on to the next division of our subject, it will 
be well to pause and consider briefly what we have learned 
thus far. 

In the first place, all the compounds which we have considered 
may be regarded as derived from the marsh-gas hydrocarbons 
or paraffins. 

By replacing the hydrogen atoms of these hydrocarbons with 
chlorine, bromine, or iodine, we get (1) the substittUion-products 
of the hydrocarbons. 

By introducing hydroxyl into a hydrocarbon in place of 
hydrogen, we get the bodies called (2) alcohols^ of which 
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fliere are three classes : (a) the primary, (b) the secondary, 
and (c) the tertiai-y alcoluih. 

By oxidizing pi-imarj- alcohols we get (8) aldehydes. 

By oxidizing secondwy alcohols we get (4) Mones. 

By osidiziag alcohols, aldehydes, and ketones, we get (5) 
acids. 

Aeida and aleohola act upon each other, forming (6) etherea]. 
sails, and alcohols can be converted into (7) etJiers. 

Corresponding to the oxygen derivatives, we met with com- 
pounds containing sulphur, as (8) the sulphur alcohols, or 
•mercaptans ; (9) the sulphur ethers; and (10) the sidphonic 
(Ktds. 

Next, we found compounds containing nitrogen. Under this 
liead we considerecl cyanogen, and the allied compounds hydro- 
cyanic, cyanic, and sxdpho-cyanic acids. Allied to these we 
founil (11) the cyanides, and (12) the isocynnides; (13) the 
cyanates, and (14) the isocyanates; (15) the sulpho-cyanaiea, 
and (16) the iso-svlpho-cyanates or mustard oils. 

Finally, we found (17) compounds containing mekds in combi- 
tialion vnth radicals. 

Representatives of these various classes of compounds were 
studied, and the relations between them jiointed out. 

We found poly-ncid alcohols and poly-basic acids. 

Under the head of mixed compounds were found compounds 
which belong at ibe same time to two or more of the funda- 
mental claasee, as the hydroxy-acids, the carbo-hydmtes, and 
the amido-adds. A consideration of liie amido-acida and 
flie aetd amides brought us naturally to the consideration of 
nrea and its derivatives, and of uric acid and its derivatives. 

We turn now to a now class of compounds, known aa unsatu- 
rated compounds. 



V. 



CHAPTER XIII. 

UNSATURATED CARBON COMPOUNDS. — DIS- I ^* 
TINCTION BETWEEN SATURATED AND 
UNSATURATED COMPOUNDS. 



\ 



All the compounds thus far studied are generally call^ 
saturated compounds. This is certainly an appropriate naX^^ 
as far as the hydrocarbons themselves and some of the c\bs&^^ 
of their derivatives are concerned. The expression " saturated' 
is intended to signify that the compounds have no power to uni^ 
directly with other compounds or elements. Thus marsh g^^ 
cannot be made to unite directly with anything. Bromine, fo^ 
example, must first displace hydrogen before it can enter UL't^ 
combination with the compound 

CH4 + Br2 = CHgBr + HBr. 

The compound is saturated. 

On the other hand, a compound which can take up elemenl^^ 
or other compounds directly is called unsaturated. Thus, pho^^ 
phorus trichloride is unsaturated, for it has the power to talc^ 
up two chlorine atoms thus : — 

PCI3 -f- 01, = PCI5. 

Ammonia is unsaturated, for it can take up other elements : — 

NH3 + HCl = NH.Cl. 
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"^ condition of uusiituiiition is met with amoug carbon 
[ "'"'Pomiiis in several forms : — 

irs(, xiie iildebjdes act like unsatu rated compounds, as 
I "^Wn in tlieir power to take up ammouia, bydrocjanic acid, 
1 ""* other euhstanceB. 

Kond. The Icctones also act like unsaturated compounda, 
I "'Wgli tlieir power iu tliis way is leas marked than tbat of tbe- 
I *Mehjdes. 

Third. The substituted ammonias are unsaturated, iu the 
I Bame sense in which ammonia itself is unsnturatcd- 

FouHL The cyanides take up hydrogen directly, and are 
f therefore unsaturated also. 

la the substituted ammonias, and probably in the cyanides, 
the inieati I ration is due to the same cause as tliat in ammonia. 
la them the nitrogen is trivalent. In contact with certain 
substances it becomes quinquivalent, and saturates itself. 

In the aldehydes and ketones, carbon is in combination wilii 
osygen in the carbouyl condition. When they unite with 
hvdrogen and some compounds, sucli as bydi'ocyanie acid, the 
' relation between the carbon and oxygen is probably changed, 
the latter being in the hydroxyl condition. The changes are 
nsaally represented by fornmlas such as the following : — 



==o 



1..C 


Ch + «. 


= CU 


■c; 


CH 




CHj 




C = 


+ HCN - 


= cC 


OH 






CH, 



CH,, 



In the ciirbouy! group the oxygen is represented as held by 
two bonds by the carbon atom, while in the hydroxyl condition 
it is represented as held by one bond. The signs may be used 
if care is taken to avoid a too literal inter pretatjon of them. 
There are undoubtedly two relations which carbon and oxygon ] 
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bear to each other in carbon compounds. These relations may 
be called the hydroxyl relation^ represented by the sign C — O— , 
and the carbonyl relation^ represented by the sign C = O. 

Fifth. There is a fifth kind of unsaturation, dependent upon 
differences in the relations between carbon atoms ^ and it is this 
kind which is ordinarily meant when unsaturated carbon com- 
pounds are spoken of. 

The kind of relation between the carbon atoms in all the 

saturated hydrocarbons is, so far as we know, the same as that 

which exists between the two carbon atoms of ethane, and 

H H 
i I 
which is represented by the formula H — C— C — H. This 

I I 
H H 

formula signifies simply that the two carbon atoms are held 
together b}' the forces which in marsh gas enabled each carbon 
atom to hold one hydrogen atom. Absti'acting one hydrogen 
atom from marsh gas, union is effected between the carbon 
atoms. What would result if two hydrogen atoms were to be 
al)8tracted, and union between the carbons then effected? 
Theoretically we should get a compound made up of two groups 
CHg, thus CH2.CH2, and presumably the relation between the 
carbon atoms in this compound would be different from the 
relation between the carbon atoms in ethane. Without push- 
ing these speculations farther, it may be said that there is a 
well-known hydrocarbon which differs markedly from ethane, 
having the formula C2H4, and showing the property of unsatu- 
ration very clearly. This is olefiant gas or ethylene. It is the 
first of an homologous series of hydrocarbons, only a very few of 
which, however, are well known. These hydrocarbons yield 
derivatives like the paraffins ; though of these, as well as of the 
hydrocarbons, very few are known as compared with the number 
of the paraflSn derivatives. Only a few of them are of much 
importance. 




ETHYLENE. 
ETHYLENE AND ITS DERIVATIVES. 

HyDBOCARBONS, CoHja. 

The priiif^iiial liyrlrocarbona of this series are ineluded in the ' 
subjoined teble : — 

Ethylene CA- 

Propylene CgHj. 

Butylene C,H,. 

Amylene C^Hk. 

Hexjlene CaHu. 

HeptyleDe CrH„. 

The members are homologous with ethylene. Tliey bear to 1 

the parafliiiB a very simple relation, caeli one containing two ' 
atoms of hydrogen less tlian the parafflo with the same number 
of carbon atoms. 

Ethylene, oleflant gas, C-,H,f= CS,.CHi). — This gas is 
formed when many organic substances are subjectod to dry 
distillation. The two principal reactions which yield it are : — 

(1) The action of an alcoholic solution of potassium hydrox- 
ide on etbyl chloride, bromide, or iodide : — 

C^jBr + KOH = CjH, + KBr + R,0. 

This is tlie most important reaction for the preparation of the 
unsaturated com[Kiunda of tlie ethylene series. It is applicable 
not only to the hydniearbons but to substances belonging to 
other clflsBea. By means of it we liave it in our power to pass 
from any saturated compound to the corresponding unsaturated 
comiMund of the ethylene aeries. Thus we pass-fi-om ethane, 
CaHg, to ethylene, CjHi, by flrst introducing bromine, and then 
abstracting bydrobromic acid from the mono-bromine subati- 
tation 'product. By treating the mono-bromine substitution- 
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products of othei' saturated compounds in the same my, i 
corresponding nnsatiirat&i compounds can be made. 

(2) The action of sulpburic acid and otiier deliydratiog ti 
upon alcobol : — 

CaHi-OH = CjH, + HjO. 

Ksperlment 51. In a. Hask ot 2' to 3' caiiaclty f>i]t a miiti 
25B alcohol and 150! ordinary concentrated suiphuilc aoid. Ho 
leo*^ to nu'', and add gradually through a funnel tube about 600« 
mixture of I part of alcohol and 2 parts of concentrated soljiliD 
acid. I'atiB the gas throngb three wash bottles containing, ui onler, 
eulpburic acid, caustic soda, and sulphuric acid. Then pasit it Into 
bromine contained in a cylinder, provided with a corfe with two holes. 
If the cylinder has a diameter of about 5"", let the layer of bromlm 
be about 5"" to 7™ deep. Upon it pour a somewhat deeper lajet of 
w::.ter- Place the cylinder in a vessel containing cold water. P**! 
the gas into the bromine until it is (.-onipletely decolorl/ed. (Seeiiol»F 
next page.) 

Ethylene is a colorless gas which can be condensed to ^ 
liquid. It burns witii a luminouB flame. With oxygen itfonna 
an explosive mixture. Itn most characterislia properly W ^ 
power to unite directly with other substances, JKirticii(n!'iy "»"' 
the halogens avd their hydrogen acids. Thus it unites witn 
chlorine and bromlue, and with hydriodic and hydi'obtcnuc 
acida : — 

OH^ + Ci; =CsH,Cla; 

CjH^ + Br, =C3H,Br3; 

CaH( + HBr = CoHjBr ; 

CaH, + HI = CaHJ. 

The products formed witli chlorine and bromine ai*e ta"^''' 
ethylene clUoride and ethylene bromide. They liave be^" j 
mentioned under the head of halogen derivatives of the paf»' | 
fins. They are isomeric with ethylidene chloride and eth^li'i^- 
bromide, which are formed hy substitution of two hydrogti^ 
of ethane with chlorine or bromine. 
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— The addition of bromine to etliylene is illustrated by the 
Iment last performed, in which ethylene bromide is formed. To 
■Ify the product, put a little dilute caustic soda 1q the cylinder, and 
'shake. Bemove the upper layer of water, and repent the washing with 
dilute caustic soda. Then wash with water two or three times, each 
time removing the water with the aid of the pipette described ou p. 31. 
Finally, put the oil In a tln&k, add a tew pieces of granulated calcium 
chloride, and allow to stand. Pour off Into a dry dlHtilling-bnlb, and 
distil, noting the temperature. 

KqueHtioD which we may fairly ask concerning the atriictnre 
thjlene is this : Does it consist of two groiips CH;, or of 
Bthjl group, CHj, and CH ? Is it to be represented by the 
'fin-mtiln CHj.CH, or CH3.CH? Perhaps the dearest anawer 
to this question is found in the fact that tiie chloride fonnetl by 
ndditiou of chlorine to ethylene, and that formed by leplacing 
(be oxygen in aldehyde by chlorine, are not identical. All 
evidence is in favor of the view that aldehyde is correctly 
i^preaented by the formula CHj.Cjj. Hence, as has been 
lointed out, the chloride obtained from it must be represented 
:hi]S, CHb .CIICli. Hence, further, it appears highly probable 
that the isomeric chloride obtained from etJiylene muat be 
rej.ft'jented thus, CHaCI.CHjCl. Now, as this substance ia 
tormed by direct addition of chlorine to ethylene, ethylene has 

CH, CHj 

the formula 1 , and not 1 . 
CH^ CH 

Aa regards the relation between the two carbon atoms of 
ethylene we know nothing, save that it ia probably different 
Trom that which exists between the carbon atoms of ^fliaue. 

CH, 
It is usually represented by the sign = ; thus, n . We must 

CH, 
necessarily leave the question open as to the relation between 
tile carbon atoms in ethylene. If the above sign is used, it 
should ser\'e mainly as an indication of the kind of unsaturation 
met with in ethylene, the cora|}uund in whose formula it is 
wi'itten having tlic power to take up two atwna of bromine, a 
e 0/ bydfobromi'c acid, 1 
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The homologues of ethylene bear the same relation to it that 
the homologues of ethane bear to this hydrocarbon. Propylene 

Cxi .Cxig 

is methyl-ethylene, I , just as propane is methyl-ethane, 

CH2.CH3 ^^2 CH.CHj C(CH3), 

I . Butylene is dimethyl-ethylene, I , or | . , 

CH, CH.CA CH.CH, CH, 

or ethyl-ethylene, • . That is to say, in other words, 

in the hydrocarbons of the ethylene series the ethylene condi- 
tion between carbon atoms occurs only once. 
The higher members of the series need not be considered. 



Alcohols, CnH2nO. 

These alcohols bear to the ethylene hydrocarbons the same 
relation that the alcohols of the methyl alcohol series bear to 
the paraffins. Only one is well known. This is the second 
member con'esponding to propylene. 

Allyl alcohol, 03H60(= CH2.CH.CH2OH). — This alcohol 
is formed in several ways from glycerin. 

1. By introducing two chlorine atoms into glycerin in the 
place of two hydroxyls, thus getting dichlorhydrin, C8H5CI2 . OH : 

CH2OH CH2CI 

CHOH + ^^[ = CHCl -f 2 H2O ; 
I ^^^ I 

CH2OH CH2OH 

and treating the dichlorhydrin with sodium, which extracts the 
chlorine : — 

CH2CI CH2 

I I 

CHCl + 2 Na = CH +2 NaCl. 

I I 

CHjOH CH2OH 



ALLYL MUSTAED On^. 



215 



2. By treating glycerin witli the iodide of phosphorus. This 
gives allyl iodide, 0^11(1, By treating the iodide with silver 
hydroxide it is converted into tlie alcoliol. 

3. Most readily by treating glycerin with oxalic acid, as in 
the preparation of formic acid. The mixture is heated to 220° 
to 230°, when allyl alcohol passes over. 

It is inannfaetured in tliis way on the large scale for the pnr- 
poae of making artificial oil of mustard. The reactions involved 
are quite complicated. 

Allyl alcohol is a liquid boiling between 96° nnd 97°. It has 
a penetrating odor. 

Nascent hydrogen does not act upon it, or at least the action, 

if any, takes place witii diflieulty. As far as eompoaition ia 

copcerned, the relation between allyl alcohol and propyl alcohol 

is the same as that between ethylene and ethane : — 

CaH^.OH +H2 = CsHj.OH. 

Allyl alcohol, like ethylene, unites directly with bromine, 
hydrobromic acid, etc., the products being substitution- products 
of propyl alcohol : — 

CaHi.OH + HBr = QHJir.OH, 



CjHs.OH - 



2Br = 



CsIlBBrj.On. 

itbrom-propy] jilaohol. 



Allyl Gompounda. — Among the derivatives of allyl alco- 
hol which are of special interest is aUyl sulphide, (CaH,)BS, 
which is the chief constituent of the oil of giirlic. It can be 
made artificially by treating allyl iodide with potassium sul- 

*" ' ^ ' ~ 2 CJIjI + K^ = (CaH5)jS + 2 KI. 

It is an oily liquid of a disagreeable oiior. 

Allyl mustard oil, SON.CjHs. — Under the head of 
Sulpbo-cyaiiatea mention was made of a series of isomeric 
bodies called isosulpho-c^anatea or mustard oils. The sulpho- 
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cyanates of the alcohol radicals are made from potassium 

sulpho-cyanate. Thus, methyl sulpho-cyanate is made by 

mixing together potassium methyl-sulphate and potassium 
sulpho-cyanate, and distilling : — 

NC8K -f- ^^^O I ^Q^ ^ j^^gQ^ ^ NCSCHs. 

The mustard oils, on the other hand, are made by a compli- 
cated reaction from carbon disulphide and substituted ammonias. 
The conduct of the sulpho-cyanates led us to the conclusion 
that they must be represented by the formula NC— SR, while 
that of the isosulpho-cyanates or mustard oils led to the for- 
mula 8C — NR, as representing their structure. AUyl mustard 
oil is the chief representative of the class of bodies known 
as mustard oils. It occurs as a glucoside (see p. 178) in 
mustard seed. From the glucoside it is formed by fermenta- 
tion. It is formed by treating allyl iodide with potassium 
sulpho-cyanate. We should naturally expect this reaction to 
yield allyl sulpho-cyanate, but the compound actually obtained 
does not conduct itself like the sulpho-cyanates. 

Allyl mustard oil is a liquid, boiling at 150.7°, and having a 
penetrating odor. 

With zinc and hydrochlori<3 acid it is converted into allyl- 
amine, NH2.C3H5, hydrogen sulphide and carbon dioxide. This 
reaction indicates that in allyl mustard oil the radical allyl is in 
combination with the nitrogen and not with the sulphur. 

Note for Student. — What change do the mustard oils in general 
uudergo wheu treated with nascent hydrogen? What change do the 
sulpho-cyanates undergo when oxidized ? 

Acrolein, acrylic aldehyde, C3H40(= C2H3.COH). — Acro- 
lein can be made by careful oxidation of allyl alcohol. It is 
formed by the dr}- distillation of glycerin which breaks up into 
water and acrolein : — 

CgHgOa = CgH^O + 2 H2O. 
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t IB, hence, formed also by heating the ordinary fate, the 
I peculiar peuetrating odor noticed when fatty substances are 
B'iieated to a sufficiently high temperatui'e being due to the forma- 

jHon of acroMn. It is piepared beat by heating glycerin with 

Viu;id potassium sulphate. 

Exptrlment 52. In a. test-tube mix anhfdrons glycerin (I part) 
and acid polasslum sulphate (2 parts), and heat the mixtarc. FasK 
the vapora through a bent tube luto water contained la another test 
tube. Notice the odor. Tr; the effccl on a dilute solution of nitrate 
Of silver- What Is the meanhig of this reaction? 

Acrolein is a volatile liquid which Ixiils at 52.4", It has 
esEtremely penetrating odor, and its vapor acts violently upoo: 
th« eyes, causing the aeeretiou of tears, 

Aerolofa takes np oxygen from the air, and is converted into! 

B corresponding acid, acrylic acid, CaH,Oa {which see) . 

It takes up hydri^en, and is thus converted into allyl alcohoL, 

It takes lip hydrochloric acid, and is converted into /S-chlor- 
IpTopionie aldehyde : — ' 

C^Hg.COH + HCl = CIToCl.CH,.COH. 

p-oblur-ptop]DuLe sliluhyde. 

The first two reactions are characteristic of aldehydes in 
general ; the last one is characteristic of unsaturated compounds 
belonging to the ethylene groiip. Acrolein, like ordinary alde- 
hyde, forms polymeric modifications, which can easily be recon- 
verted into acrolein. 

It unites Tjith ammonia forming acrolein -ammonia, and withi 
iithcr substances in much the same way as ordinai'y aldehyde 

Acids, C„tt^_A- 

Running parallel to the ethylene series of hydrocarboDS, and 

hearing the same relation to it that the fatty acid series bears 

to the paraffins, is a series of acids of which the first member 

IS acrylic iicid, CiI^K. Several members of the series 



^h< 

' **T 
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known. The principal members are named in the subjo 
table : — 



ACRYLIC ACID SERIES. 
Acids, C„H2n 2O2. 

Acrylic acid 

Crotonic 

Angelic 

Hydrosorbic 

Teracrylic 

Cimic 

H^'pogaeic 

Oleic 

Eriicic 



C3H4O2. 
C4He02. 
C5H8O2. 

^6Hiov)2- 
L'7Jrli2v/2« 

CisHgsOj. 

^16H3o02. 
v>'22-U42^2' 



Of most of the higher members of the series several ison 
modifications are known. Only a few of these acids wil 
considered here. 



Acrylic acid, C3HA(= OHi.CH.CO.H).— This acid 
already been mentioned in connection with hydracrylic i 
which, when heated, breaks up into acrylic acid and water : 

CH2.OH.CH0.CO2H = Cn2.CH.CO2H + H2O. 

Hydracrylic acid. Acrylic acid. 

Note for Student. — This reaction is analogous to that \^ 
takes place when ordinary alcohol is converted into ethylene. In 
does the analogy consist? What acid is isomeric with hydrac 
acid? How does it conduct itself when heated? Compare the t 
formation of hydracrylic acid into acrylic acid with that of malic 
malel'c and f umaric acids, and with that of citric into aconitic aci( 

Acrylic acid can be made by careful oxidation of acr< 
with silver oxide. The relations between propylene, C 
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nliyl ftleohol, Cnllj.OH, acrolem, CuHi,.COTI, aDd aci^lic acid, 
CjHj.COaH, are the same as tLose between any hydrocarbon of 
Ibe paraffla series, and the correspond iug primary alcohol, 
aldehyde, and acid. 

Aerj'lic acid can be made further hy treating ^-iodb -propi- 
onic acid witli alcoholic, [lotasb : — 

CHjI .CH, .COjH - CH, .CH .CO5H + HI. 

Note yon Student. — Compare this reaction with tliat l>y whlcii 
fttjlene Is made (Vom etliyl bromifie. 

Acrylic acid is a liqaid having a pnngent odor. It boils at 
1*0°, and Bolidifiea at a low temperature. 

Nascent hydrogen converts it into propionic acid. Hydii- 
wlic acid unites directly with it, forming ^-iodo-propionic acid. 

SoTK Fon Studbnt. — What are tlic analogous riinctlous with alljl 
•Icohol and acrolein? 

Many derivatives of acrylic acid have been studied, but they 
need not be taken up here. 

Orotonic aoid, 0,H,0, Crotonic acid is made from allyl 

''J'Wiiile, the reactions involved being represented by the 
follutriug equations : — 

C3HJ + KCN = CsIIi.CN + KI; 

Allyl liKllde. Allyl cynnide. 



"- can be made also by distilling /3-hydroxy-butyric acid, 
^Ui.CH(OH).CHj.COjH, when a reaction takes place similar 
^ that involved in the preparation of acryliu from hydracylic 
' ^^- Further, it can be made by treating a-brom-butyric acid 
"•(ii alcoholic potash. 

Oleic acid, C.sHhO,. — This acid was spoken of in con- 
leetiyn with the fats, it being one of the three acids found 
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most frequently in combination with glycerin. Olein, ot 
glyceryl tri-oleate, is the liquid fat, and is the chief constituent 
of the fatty oils, such as olive oil, whale oil, etc. It is con- 
tained also in almost all ordinary fats. In the preparation of 
stearic acid for the manufacture of candles, the olein is pressed 
out of the fats. To prepare the acid, olein is saponified, and 
the soap then decomposed with hydrochloric acid. 

Note for Student. — Give the equations representing the reac- 
tions involved in passing from olei'n, or glyceryl tri-oleate, to oleic acid. 

Oleic u,cid is a crystallized substance which melts at a low 
temperature (14°). It unites with bromine, forming dibrom- 
stearic acid. Hydriodic acid converts it into stearic acid : — 

OleYc acid. Stearic acid. 

PoLYBASic Acids of the Ethylene Group. 

There are a few dibasic acids which bear to the ethylene 
hydrocarbons the same relations that the members of the oxalic 
acid series bear to the paraffins. They may be regarded as 
derived from the hydrocarbons by the introduction of two 
carboxyl groups. 

Acids, CaHaCCOaBOz. — There are two acids of this for- 
mula, both of which have been mentioned. They are fumaric 
and malefic acids^ which are formed by the distillation of malic 
acid. 

Fumaric acid can also be made by treating brom-suceinic 
acid with alcoholic potash. 

Both fumaric and malei'c acids are converted into succinic 
acid by nascent hydrogen, and into brom-succinic acid by 
hydrobromic acid. It is believed that these two acids are 
stereo-isomeric, and that the following formulas suggest the 
relation between them : — 
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HC.COjH IIC.CO.H 



Eachof the carbon atoms which are united by double lines is sup-l 
posed to be at the centre of a tetrahcdrou, and the two tetraliedronB ^ 
■jlo be nnited in such a way that they have one edge ii 

I Acida, CsH,0,. — There are three acids of this formula, all of 

rhich are obtained, either directly or indirectly, from citric acid, i 

jrhey are known as itaamic, ci'ir (iconic, and mesaconic acids.. 

F^hey bear the same relation to pyrotartaric acid, CjH„ < p„',,) 

that fnmarie and maleio acids hear to snccinie acid, 

verted into pyrotartaric acid by treatment with naacenthydrogen. 

Aconitic acid, [C^0,(= OjH,CCO,H).,)]. — Aoonltic acid is J 
th(i only tri-biisic acid of this group that need be mentioned. 
As has been stated, it is formed when citric acid is heated to 
175°, It is found iu nature in aconite root, and in the sap of 
Biigar-cane and of the beet. 

Nascent hydrogen converts it into tri-carballylic acid, 

Acetylene asd its Debivatives, 
The principal reactions by means of which we are enabled to 
pass from a hydrocarbon of the paraflla series to tlie eon'e- 
Bponding hydrocarbon of the etliyleue series couBist in intro- 
ducing ft halogen into the paraffin, and then treating the 
mono-halogen substitution-product with alooholic potaeh : 

CaHjBr = CM, + HBr. 

The effect of these two reaetione is the abstraction of two I 
hydrc^eii atoms from the paraffin. The following qiieationa 
therefore suggest themselves : — 
Suppose a dibi'um substitution-proiluet of a paraffin be heated 



222 UNSATURATED CARBON COMPOUNDS. 

with alcoholic potash; will the effect be that represented by 

the equation 

C2H4Br2 = C^Ha + 2 HBr? 

And, further, suppose a mono-substitution product of an 
ethylene hydrocarbon be treated with alcoholic potash ; will the 
effect be that represented by the equation 

CgHaBr = C2H2 + HBr? 

If so, it is plain that we have it in our power to make a new 
series of hydrocarbons, the members of which must bear to the 
ethylene hydrocarbons the same relation that the latter bear to 
the paraffins. The general formula of this series would be 
CnH2n_2, that of thc ethylene series being CnHjn, and that of the 
paraffin series, C^Hg^+a. 

A few members of the hydrocarbon series, CnH2„_2, are 
known, though only one is well known, and this one alone need 
be considered. 

Acetylene, C2H2. — Acetylene is formed by direct combina- 
tion of hydrogen and carbon when a current of h3'dn^en is 
passed between carbon poles, which are incandescent in conse- 
quence of the passage of an electric current ; when alcohol, 
ether, and other organic substances are passed through a tube 
heated to redness ; when coal gas and some other substances 
are burned in an insufficient supply of air ; and when ethylene 
bromide is treated with alcoholic potash : — 

C2n4Br2 = C2H2 + 2 HBr. 

It can be prepared most conveniently b^^ the incomplete com- 
bustion of coal gas. 

Experiment 53. — Light a Bunsen burner at the base, and turn it 
down so that the flame is small. The condition is the same as that 
observed when a burner "strikes back." The odor noticed, which is 
familiar to every one who has worked in a chemical laboratory, is 
that of acetylene, which is mixed with the products given off from 



ACETYLENE. 



the bamer. To collect ttie gas, ajTSiiige an apparatus as sbown 
Fig 13. The brasB tnbe A is screwed to the barner, which is lighted' 
at the base. In O is a atong solution of ammonlacal cuprous chlo- 
ride prepared as foliowa: Make a saturated solution of 1 part com- 
mon salt and ^ ports crfstailized copper sulphate. Saturate with 
sulphur dioxide. Filter, and wtish with acetic acid. Dissolve the 
white cuprous chloride 



2sB 




CoTinect the apparatus at C with aome kind of aspirator (suction- ' 
pnmp, a gasometer lllled with water, etc.), and clrnw the gases slowly I 
through the solution. The acetylene will be absorbed by the copper 
solution, and a precipitate formed (see Exp. 54). 

Aceti'lene is a gas of an unpleasant odor. It burns with a, j 
liiminouB, sootv flaniG. 

When heated to a suSiciently high temperature, it is con- ■ 
^ -verted into the polymeria atilistances, benzene, C,Ha, and sty- 
, CsHj. It unitoa wiLli hydrogen to fonn ethylene and 
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ethane. It unites with nitrogen, under the influence of the 
sparks from an induction coil, forming hydrocyanic acid: — 

C2II2 + 2 N = 2 HCN. 

Acetylene forms some curious compounds with metals and 
metallic oxides. Among them may be mentioned the copper 
eomi)ound ol)tained in Exp. 53. This has the composition, 
C2W2 • CU2O, l)eing a comi)ouud of acetylene and cuprous oxide. 
It is a reddish-brown substance which is insoluble in water. 
Wlicn dry, it explodes violently at 120°. Hydrochloric acid 
decomposes it, acetylene being evolved. 

Kxperiment 54. Filter off the precipitate obtained in Exp. 63, 
and wash it until the wash-water runs through colorless. Bring the 
precipitate, together with a little water, into a flask furnished with a 
funnel-tul)e and a delivery-tube. Slowly add concentrated hydro- 
chloric acid, and notice the evolution of gas. Collect some of it 
in a small cylinder over water, and bum it. 

Acetylene unites with bromine, forming the compound 
C2n2Br4, tetra-brom-e thane. It unites with hydrobromic and 
hydriodic acids, forming substitution-products of the satu- 
rated hydrocarbons : — 

C'2H2 "I" 2 HI = C'2ll4l2« 

Most of tlie higher members of the acetylene series of hydro- 
carbons bear to acetylene the same relation that the higher mem- 
bers of the ethylene series bear to ethylene. The first one is 

C/.C/Hs 

Allylene or methyl-acetylene . . . . | ; 

the second is 

C.C2H5 
Ethyl-acetylene | , 

CH 

or Dimethyl-acetylene | 




PEOPAHOYL ALCOi 

It sliould !if nuticfd in tliia connection tliat thero is a hydro- I 
earlioi] of tbe formiiln C',IIb, which, strictly speaking, i 
» homologue of acetylene, though it in very elcwely allied to j 

CH = CH, 
(limetliyl-aoetylcne. It has the formula | 

Tile homologuert of acetyl one may bo divided into two 
ulaasea : — 

1, Those which sire obtained from acetylene by the replace- 
ment of one or both the hydrogen atoms by saturated radicals, i 
8uc!t as methyl, ethyl, etc. These may be called the true Jtomo- < 

gaes. They all retain the condition peculiar to acetylene. 

2. Those in which the ethylene condition occgirs twice, as in 
the hydrocarbons of the foi-mulas 

CH^CHs C(CIT,,)2 

[ , II , etc. 

CH=CHj C=CH, 

jleBe may be called diethykne derivaZivea. 

We know nothing regarding the relation between the carbon 
toins in acetylene. It is commonly represented bv three lines 

" CH 

.s),orthreedots(:)- Thus, acetylene ia written li| orCHiCH. 

CH 
^e the sign for the ethylene condition, it Bhoidd not be inter- 
ftted too literally. It is best to regard it as the sign of a 
(ffldition best illustrated in acetj-lene, and which may therefore 
I called the acetylene condition. We recognize this condition iti 
amponnd by the power of the compound to take up four atoms 
'o halogen, or two molecules of kydrobromic acid and similar 
tida; though, as we have seen, these reactions are not diatinc- 
re for the acetylene condition, for the reason that the diethy- 
M compounds have the same power. 

Propargyl aloohol, C,H,0, — This alcohol is mentioned 
erely as an example of alcohols which are derived from the 
etylene hydrocarbons. It is the hydroxyl derivative of 
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allyleiio, or methyl-acetylene. It is made by treating brom- 
allyl alcohol, C3ll4lir.OH, with alcoholic potash: — 

C3H4Br.OH = CgHs.OH + HBr. 

ft 

Acids, CnH2n-402. 

These acids are the carboxyl derivatives of the acetylene 
hydrocarl)ons, and hence differ from the members of the 
acrylic acid series l)y two atoms of hydrogen each, and from 
the members of the fatty acid series by four atoms of hydro- 
gen each. 

/OH \ 
Propiolic acid, C3H2O2I = | I. — The bromine and 

^ . CO,H/ 

chlorine snbstitution-products of this acid are more easily made 

and are better known than propiolic acid itself. Chlor-propio- 

lic acid is obtained by treating dichlor-acrylic acid with baryta 

water : — 

C2HC1,.C0,H = C2CI.CO2H + HCl. 

/ C.CH3 \ 
Tetrolio acid, C4H4O2I = • ), is obtained by treating 

\ C.CO2H/ 

/3-chlor-crotonic acid with caustic potash : — 

CCl .CH3 C.CH3 

I = I + HCl. 

CH .CO2H C.CO2H 

Sorbic acid, C6Hh02(= C5H7.CO2H). — This acid occurs in 
the unripe berries of the mountain ash. It takes up hydrogen 
and yields hydrosorMc acid^ a member of the acrylic acid series 
(see table, p. 218) . It also takes up bromine, the final product 
of the action being an acid of the formula C5H7Br4.C02H. With 
hydrobromic acid it forms dibrom-caproic acid : — 

CjHy.COall + 2 HBr = CsHgBrj.COaH. 

Dibrom-caproic acid. 
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■ Leinoleio acid, CibH»0/= C,iHs,.00^) — This acid ocxiura 

ill tlie form of an ethereal salt of glycerin iii linseed oil. It can 
^ be obtained (Vom linseed oil hy eaponilication. It is an oily 
^R^itid, one of the most marked properties of whieh ia its power 
^Bt take up oxygen from the air, it beiog thus transformed into a 
^^K)lid snbstance. Linseed oil itself has tliis property of harden- 
Hing or ili'ving. It is the principal substance belonging to the 

class of drying nils. The oil is used extensively as a constituent 

of Viiruishes and of oil paints. 



Valylene, Ci.Hf,. — We have thus fai' liad to deal with three 
series of hydrocarbons of the general formulas C„H3„ + „ CnHjn, 
and C„Hj„_,. We naturally inquire whether there is a series of 
the general formula C„Hio-). A few members of the series have 
been prepared by abstracting hydrogen from certain of the acety- 
lene hydroearboQB by the action of alcoliolic potash on tlie bro- 
mine derivatives. Thus, valylene, C4H5, has been made by 
treating valerylene bromide, CjHjBrj, with alcoholic potash : — 
CsH^Bra = CiH( + 2 HBr. 

It ifi a liquid. Ita most characteristic property is its power to 
unite with bromine to form the saturated comijound CsHeBra- 

Dipropargyl, OHt. — Dipropargyl is obtained from the 
I compound dibrom-diallyl, CgHflBra, by boiling with alcoholic 
caustic nolEish : — 

CgHjBr, = CaH, + 2 HBr. 



caustic potash : - 



It unites very readily with bromine, forming, as the final 
product of the action, the compound CHcBrg, which is an 
octo-bromine substitution -product of hexane, CbHi,. 



The unsaturated liydrocarbons and their derivatives thus far 
considered are obtained by simple reactions from the saturated 
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compounds, and they all have the power to take up readily 
bromine, hydrobromic acid, etc., and thus to pass back to the 
satiu-ated condition. Whatever the real nature of the relation 
between the carbon atoms in all these unsaturated hydrocarbons 
may be, it certainly is easily changed to the condition which 
exists in the saturated compounds. There are several hydro- 
carbons, however, which are unsaturated but which are not 
easily converted into derivatives of the saturated hydrocar- 
bons. Although under some circumstances thej' with diflS- 
culty unite directly with the halogens, they do not take up 
enough to convert them into derivatives of the paraffins ; and 
the products which are formed are unstable, easily giving up 
the halogen atoms with which the}' united. The simplest 
hydrocarbon of this new kind is the well-known benzene, 
which is isomeric with dipropargyl. Before proceeding to 
the consideration of benzene and its derivatives, it will be 
well to inquire whether the abstraction of hydrogen by the 
reaction chiefly used can be pushed further than it has thus 
far been pushed. Can we, in other words, by means of this 
reaction get hydrocarbons of the formula C„H2n_8 which have 
the power to unite directly with ten atoms of bromine? Such 
hydrocarbons have not been prepared. Hydrocarbons of the 
formula C„H2n_8 are known ; but they are not made from the 
paraffins by abstracting hydrogen, and they are not converted 
into substitution- products of the paraffins by the addition of 
halogens and halogen acids. The compounds which have 
been considered fall under five general heads, according to the 
formulas of the hydrocarbons. These heads are, — • 

1. Hydrocarbons^ C5nH2n + 29 the paraffins and their derivatives. 

2. Hydrocarbons^ C„H2n, or olefins and their derivatives. 

3. Hydrocarbons^ ^J^2a-2'i or the acetylene hydrocarbons and 

their derivatives. 

4. Hydrocarbons^ CnU2n_4, and their derivatives. 

5. Hydrocarbons^ ^J^zn-^r cincZ their denvaMv^. 
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This classification, while strictly correct, is misleading, inas- 
much as it conveys no idea in regard to the relative importance 
of the compounds of the different classes. As we have seen, 
the only compounds whose treatment required much time are 
those of the first class. These compounds stand out promi- 
nently, and are distinguished by the frequency of their occur- 
rence and their great number. The compounds of the second 
class are much less numerously represented, and but a small 
number of them are familiar substances. While a few sub- 
stances belonging to the third class are known, our knowledge 
in regard to the class is much more limited than even that 
of the second class. Finally, as regards the fourth and fifth 
classes, the few representatives of them that are known are at 
present scientific curiosities. Thus, after we leave the paraflSn 
derivatives, our knowledge dwindles away very rapidly when 
we pass to the following classes, until it ends with a single 
compound in the fifth class. 

We pass now to the consideration of a new group, the impor- 
tance and number of whose members entitle it to be placed side 
by side with the group of parafiln derivatives. 



CHAPTER XIV. 

THE BENZENE SERIES OP HYDROCARBONS.-- 

AROMATIC COMPOUNDS. 

The fundamental substance of this group is benzene, CeH«, 
which bears to the group the same relation that marsh gas 
bears to the group of paraffin derivatives. Benzene, together 
with some of its homologues, is a product of the distillation of 
bituminous coal, and is, therefore, contained in coal tar. As 
coal tar is the raw material from which all benzene derivatives 
are obtained, it will be well briefly to consider the conditions 
of its formation and the method of obtaining pure hydrocarbons 
from it. 

Coal tar is a thick, black, tarry liquid, which is obtained in 
the manufacture of illuminating gas from bituminous coal. 
The coal is heated in retorts, and all the products passed 
through a series of tubes called condensers. These are kept 
cool, and in them the liquid and volatile solid products are con- 
densed, forming together the coal tar. It is an extremely com- 
plex mixture, from which a great many substances have been 
obtained. Among those most readily obtained from it are the 
hydrocarbons of the benzene series, as well as the hydrocarbons 
naphthalene and anthracene, both of wMch are impoi-tant sub- 
stances. 

"Wlien the tar is heated, of course the most volatile liquids 
pass over first. These are collected in vessels containing water. 
The first portions of the distillate float on water, and constitute 
what is called the light oil. After a time hydrocarbons and 
other substances of greater specific gravity than the light oil 
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[la&s over. These portionB sink under water, aud constitute the 

The light oil is treated with caustic soda, which removes 
phenol (carbolic acid) and simiUr suhstances, and with 
Bolphuric aciil, which removes certain basic compouoda. Tlie 
residue is then subjected to fractional distillation, by which 
means tlie first two members of the scries can be obtained in 
Tury nearly pure condition. As these hydrocarbons form the 
tasia of a number of important industries, they are separated 
ftom coal tar on the large scale. 

The principal members of the series are named in tlie table 
below. 

HYDROCARBONS, C„H;„-6. 
Benzene Series, 

Benzene CflH,. 

Toluene CjHs. 

Xylene tsH,„. 

Mesitylene ) 

Psendocumene ) 

Durene 1 

Cymene j 

Hesa-methy! benzene t'l.Hu. 

Benzene, CbHb. — BenzeiH i" prepared, as ibove described, 
Worn the light oil obtained fidm co^l tir It iS also prepared 
"J heating benzoic acid with lime, when the acid breaks up 
into carbon dioxide and benzene : — 

HOTK FOR Studbkt. — What is tlie analogous method for tlie 
fftpwalion of marsh gas? 

Benzene has been made further by simply heating acetylene ; 

3 C^a = CjHg. 



C«Hia. 



Ci„H,,. 



i 



( 
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To purify the hydrocarbon obtained by fractional distillation 1 ^ 
from light oil, it is cooled down to a low temperature, and that 
which does not solidify is poured off. The crystals are pressed 
in the cold between layers of bi])ulous paper, and are then very 
nearly pure benzene. This can be further purified by treat- 
ment with sulphuric acid, which removes a small quantity of a 
substance containing sulphur, and known as thiojyfiene. Per- 
fectly pure benzene is obtained by distilling pure benzoic acid 
with lime. 

Experiment 55. Mix intimately 60« benzoic acid and 1008 quick- 
lime, and distil from a flaslt connected with a condenser. See that ttie 
materials and apparatus are dry. Add a little calcium chloride to the 
distillate ; and, after it has stood for an hour or two, redistil it from 
an appropriate sized distilling-bulb, noting the temperature at which it 
boils. Put the redistilled hydrocarbon in a test-tube, and surround it 
with a freezing mixture. 

Experiment 56. — In most places where there are gas-works it will 
not be difficult to get a quantity of light oil. The separation of some 
of this into benzene and toluene, and the puriflcatiou of the two hydro- 
carbons, is the best possible introduction to a study of the aromatic 
compounds. The benzene and toluene thus obtained may be used in the 
preparation of a number of typical derivatives according to methods 
which will be described. In f ractioning the light oil, it will be observed 
that there is a tendency to an accumulation of the distillates in the 
parts boiling near 80° (the boiling-point of benzene) and 110° (the boil- 
ing-point of toluene). The final purification of the benzene should be 
effected by freezing and pressing, as described above. The toluene 
should be distilled until by redistillation its boiling-point is not changed. 

Benzene is a colorless liquid which boils at 80.5°. It has a 
peculiar, pleasant odor. Several of the homologues of benzene 
have a similar odor. Hence the name aromatic compounds was 
given to them originally, and it is still in general use. Benzene 
is lighter than water, its specific gravity being 0.899 at 0°. It 
burns with a bright, luminous flame. 

Experiment 57. — Pour a layer of benzene on water in a small 
evaporating-dish. Set fire to it. 
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At 0° benzene solidifies, forming rhombic prisms. It is an 
excellent solvent for oily and resinous substances.^ 

Chemical conduct of benzene^ and hypothesis regarding its 
structure. In the light of the knowledge we have already 
gained in studying hydrocarbons which contain a smaller pro- 
portion of hydrogen than the paraffins do, we should naturally 
expect to find that benzene can easily be converted into a 
derivative of hexane. We should naturally expect to find 
that it unites with bromine, just as dipropargyl does, to 
form an octo-brom-hexane thus, — 

CeHe + Brg = CcHeBrg ; 
with hydrobromic acid to form tetra-brom-hexane thus, — 

CeHe + 4 HBr = CellioBr^ ; 
and probably with hydrogen to form hexane, — 

CeHe + 8 H = CeHi4. 

But none of these reactions takes place. Hydrobromic acid, 
which acts so readily on all the unsaturated comix)unds hitherto 
considered, does not act at all upon benzene. Bromine acts 
readily enough, but the action which usually takes place is 
like that which takes place with the saturated paraffins. It is 
substitution, and not addition. Thus, bromine fonns raono- 
brom-benzene, CeHjBr, under ordinary circumstances. If, 
however, the action takes place in the direct sunlight, a prod- 
uct is formed which has the formula CeHeBrg, known as 
benzene hexabroraide, and to this no more bromine can be 
added. Further, benzene hexabromide is an unstable com- 
IK)und, — much less stable than benzene. When heated, it 
breaks up, partly according to the equation 

CeHeBre = CeHgBrg + 3 HBr, 

1 Benzene, tbe chemical individual of Uic definite furmulu CoH^, must not be con- 
founded with "henzine," the commercial substance obtained in tbe refining of petro- 
leum (see p. 110). 
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the chief product being a siibatitiition-prwlutrt ol" ben: 
tri-brom- benzene, CoHnBia- 

Treated with hjdriudic acid, benzoae takes up six aUma ol 
hj'drogen, and yields a hydrocarbon, C^Hu, which, however, duea 
not act like a member of the ethylene aeries, as it appears to 
have no power to take up bromine, etc., and eliows a mark«\ 
tendency to pass back into lieuzene, particularly uuder the influ- 
ence of oxidizing agents. 

The facts ineutioneil sliow clearly that benzene diffcre in Bomo 
way fundamentally fixim all the hydrocarbons which have been 
i/oueidered. But these facts are not aufficicnt to enable na to 
form an hypothesis in regard to its structure. On studying the 
many substitution- pioduete of benzene, however, we soon heeome 
acc|iiainted with facta of a different order and of the highest im- 
liortance. 

It will be remembered that the theory in regard to the rela- 
tions of the paraffins to each other is based upon the fact, that 
only one mono-substitution product of mai-sh gas eau be obtained 
with any given substituting agent. There is but one chlor- 
inetbane, but one brom-metbaue, etc. This fact leads us to 
believe that each hydrogen atom of raarah gas bears the same 
relation to the carbon atom, or that marsh gaa is a symmetrical 
compound. A similar conclusion has been reached in regard to 
benzene ; and it Is based upon a most exhaustive study of the 
substitution-products. Kotwitbstanding almost innumerable 
efforts to prepare isomeric mono-substitution products of ben- 
zene, no such isomeric substances have been prepared. There 
is but one mono-brom-benzene, but one mono-ehlor-benzene, 
etc., etc. Further, mono-brom-benzene has been prepared by 
replacing the aix hydrogen atoma'of benzene successively by 
bromine ; and the product has been found to he the same, no 
matter which hydrogen is replaced. As this fact is of funda- 
mental importance, it will be well to consider bow it is possible 
to replace the six bydrc^ens successively, and to know that in 
each case a different hydrogen atom is replaced. While it would 
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ibid DB too far to follow tbis subject in detail, the principle 
made use of can be made clear in a few words : — 

We buvt; a coniiMJiind, the formula of wliioh is CsHa, Write 
it thus, C'oHHHHIlH, numbering the hydrogen symbols to facil- 
itate rererence to them. The problem ia to replace, say H, by 
liromine ; in a second case, to replace H by Itromine ; in a 
third, M, etc ; and to compare tti? six mouo-brom-benzenes thus 
obtained. Suppose we treat benzene with bromine. We get 
a mono-brom-benzeue, and wo know that one of the hydrogen 
atoms ia replaced by bromine, but of course we cannot tell 
which one. We may assume that it is any one of the sis 

I represented in the above formula. For tlio sake of the argu- 
ment, call it H. Our compound ia therefore CeBrHIIIIHII. 
Now treat this compoimd witlj something else which has the 
power to replace the h3-drogen, say nitric acid. A second 

I hydrogen atom is replaced by the uitro group NOj. Again, 
we do not know which one of the hydrogen atoms is replaced 
iu this operation, bvt vie do know that it ia a different one 
from that leiiick was replaced by the bromine in the first 
opeixition. Call it H. We have, therefore, tlie compound 
C„Br(NOs)HIlHn. By treating this compound with naacent 
hydrc^n, two reacLiona take place, the chief one for our 
present purpose being the replacement of the bromine by 
hydn^en. In other words, H is put back into the com- 
iwund agam, and we have CaH (NOj) HHHH. By means 
of two reactions which will be studied farther on it ia a 
simple matter to replace the uitro gronp liy bromine. This 
done, we have the compound CuHCrHHIIH, or a mono-brom- 
beuzene, in wliich the bromine certainly replaces a different 
hydrogen atom from that replaced by direct substitution. The 
^^aro products are, however, identical. The above explanation 
Htell aei'Te to make the principle clear which is involved in the 
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study of the relations which the h^^drogen atoms contained in 
benzene bear to the molecule. The principle has been applied 
successively to all the hydrogen atoms, and, as already stated, 
the result is the proof that all tliese hydrogen atoms bear the 
siinie relation to the molecule. 

Thus far we have formed no conception in regard to the rela- 
tions existing between the constituents of benzene. Can we, 
on the basis of the facts above stated, form any satisfactory 
conception in regard to these relations ? How can we imagine 
six carbon atoms and six hydrogen atoms arranged so that all 
the latter shall bear the same relation to the molecule? The 
simplest conception is that each carbon is in combination with 
one hydrogen, and that the six carbon atoms are arranged in 
the form of a ring, and not, as in the paraffins, in the form of 
an open chain, or a chain with branches. Using our ordinary 
method of representation, this conception is symbolized in the 
formula 




or, as the curved lines have no special significance, the expres- 
sion becomes pj 

I I 

HC. /CH 

H 

This symbol, then, is the expression of a thought which is 
suggested by a study of the chemical conduct of benzene. 
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Before we can accept it as probable, it must first be tested by 
all the facts known to us. If it is not in accordance with all of 
them, if it suggests possibilities which are not realized, then it 
must be discarded, and we must form some other conception in 
regard to the structure of benzene. 

In the first place, then, does it account for the addition 
products, benzene hexabroraide, hexa-hydro-benzene, etc. ? The 
formula represents each carbon atom as trivalent, and we should 
expect, therefore, that each one could take up an additional 
univalent atom, forming, in the case of bromine, a compound 
of the formula ttt^ 

BrHC^ ^CHBr 



BrHCv /CHBr 

HBr 

In which each carbon atom is acting as a quadrivalent atom. 
Unless the ring form of combination between the carbon atoms 
is^ broken up, it is impossible for the compound to take up more 
bromine. Hence, the last product of the addition of bromine 
to benzene should be benzene hexabromide ; and, in the same 
way, the last product of the addition of hydrogen should be 
hexa-hydro-benzene, as it is. The facts and the hypothesis are 
in harmony. 

Again, we may inquire : Of how many isomeric di-substitu- 
tion products of benzene does the hypothesis suggest the exist- 
ence? Numbering the hydrogens in the formula, we have : — 

(1)H 
(6)HC^ ^CH(2) 



(5)HCv /CH(3) 

H(4) 
The hydrogens (1) and (2), (2) and (3), (3) and (4), (4) and 
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(5), (5) and (6), and (6) and (1), bear the same relations to 
each otlier ; and, according to the formula, whether we replace 
(1) and^ (2), or (2) and (3), or (3) and (4), or any other of 
the above-named pairs, the product ought to be the same. We 
should get a compound of which the following is the general 
expression, in which X represents an}- substituting atom or 
group : — X 

I I 

HCv yCH 

H 

Formula I. 

In the second place, the hydrogens (1) and (3), (2) and 
(4), (3) and (5), (4) and (6), (5) and (1), and (6) and (2) 
bear to each other the same relation, but a different relation 
from that which the above pairs do. Replacing any such pair, 
we should have a second compound, which is represented by 
the general formula 

X 

I I 

HCv /CX 

H 

Formula n. 

Finally, there is a third kind of relation, which is that between 
hydrogens (1) and (4), (2) and (5), and (3) and (6) ; and, by 
replacing such a pair, we should get a compound represented 
by the general formula ^ 

I ! 

HCv /CH 
X 

¥ormu\a 111. 



The hypothesis suggests no other possibilitiea. We see thus 

that the hyijothesis indicates the existeace of three, and only 

tliree, classes of di-sulistitution products of benzene. There 

ought to he three, and only tliree, di-chlor-benzeiies ; three, 

11 snd only three, di-hrom-bcnzenes, etc. 

^^^e di-Bubetitution products have been studied very exhaust" 
^H|y for the puiposc of determining definitely whether tlie 
^^pclusion a1>ove reached ia in accordance with ttie facts ; and 
I it may be said at once, that every fact thus far discovered is in 
liarmony with the hypothesis. Three well-marked classes of 
isomeric di-substitution products uf benzene are known, and 
only three ; and many representatives of the three classes have 
been studied carefully. There are many other facts of leas 
importance known which furnish arguments iu favor of the ben- 
zene hypothesis expressed in tlie formula above discussed, but 
this is not the place to discuss them. Let it suffice, for the 
present, to I'ccognize that tiie hypothesis is in accordance with 
the most Important facts known to us. 

There is one point which has not been touched ujjon, and 
that is the relation of the carbon atoms to each other. In 
regard to this, as well as to tlie relation between the carbon 
atoms in ethylene and acetylene, we know nothing. The 
formula is commonly written thus : — 



b 






which indicates that the carbon atoms are Joined together 

alternately by single aud by double bonds. This formula, 

ijrever, expresses something about which we know nothing, 

1. oonoerning which it is difScult, at present, to form any 

Mption. The simple formula 
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H 






HCv /CH 

H 

leaves the question as to the relation between the carbon atoms 
entirely open, as it is in fact. 

The benzene hypothesis has thus been treated somewhat fully 
for the reasons, that it has played an extremely important part 
in the study of the benzene derivatives, that its use serves 
greatly to simplify the study of these derivatives, and that in 
most text-books, whether elementary or advanced, the hypothesis 
is merely stated, wliile the student is left to find out for himself 
its meaning, and this he generally fails to do. We may now 
return to a stud}' of the facts upon which the hypothesis is 
founded. 

« 

Toluene, C7H8(= CeHs.CHs). — Toluene was known before 
it was obtained from coal tar, as it is formed by the dry distilla- 
tion of Tolu balsam, whence its name. Its relation to benzene 
is shown by its synthesis from brom-benzene and methyl 
iodide : — 

CeHfiBr + CH3I + Na^ = CeHs-CHg + NaBr + Nal. 

Note for Student. — Compare this reaction with that used in the 
synthesis of ethane from methane, of propane from ethane and 
methane, etc. 

According to this synthesis, toluene appears as methyl-benzene ^ 
or benzene in which one hydrogen is replaced by methyl ; or as 
phenyl-methane^ or methane in which one hydrogen atom is re- 
placed by the radical phenyl, CcHg, which bears the same 
relation to benzene that methyl bears to marsh gas. 



XYLENES. ^41 

Toluene i8 a. oolorless liquid which boils at 110°; has tho 
813ccitic gravity 0.8824 at 0"; and has a pleasant aromatio I 
odor. 

It is very Biisecptible to tlic action of reagents yielding a large ' 
number <if substttution-pvoducta, Bome of the moat important , 
>f which will be taken up farther on. 

Bnt one tolnene or methyl-l)enzenc iios ever been diaeovered. 

Towanls oxidizing agents its conduct ia peculiar and intereat- 

% Mg. The methyl is oxidLted, while the phenyl remuine intact. 

Fhe product ia a well-known acid, benzoic acidi which, as we , 
tiave seen, breaks up readily into carbon dioxide and beuzeue. 
^M.1 lias the composition C,U(0„ and ia the carboxyl derivative 
^Df benzene, CeHj.COjH. The oxidation of toluene is ropre- 
^nted by tlie equation 

I CgHs-CHa + 30 = CsHj-COsH + ILO. 

^■Xylenes, C>E|„[ - C„H,(CH;,).]. — That jjortion of light oil 
^^hieh boils at about li(f was originally culled xylene. It 
was afterwards found that thia coal-tar xylene consiats of 
three isomeiic liydrocariHina. As the boiling-jminta of theae 
three substances lie quite near together, it ia impossible to 
Bepai'af*; them by means of fractional distillation. By treat- 
ment with sulphuric acid, however, they can be separated, 
and thus obtained in piye condition. They are known as 
ortTio-xi/hne, meCorxylene, and para-xylene. 

Ortho-xylene resembles benzene and toluene in its general 
properties, but boils at 140° to 141°. 

Meta-zylene boils at 137°. 

^^E;Fara-ZTlene boila at 136° to 137°. 

^^KThese hydrocurhons have also beun obtained from toluene by 
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means of the reaction made use of for the purpose of converting 
benzene into toluene : — 

CeH^ < ^^' + CH3I + 2 Na = C«H4 < ^JJ« +NaBr + Nal. 
Br CH3 

This shows that they are all methyl-toluenes. There are 
three mono-brom-toluenes, known as ortho-, meta-, and para- 
brom-toluene. For the preparation of ortho-xylene, ortho- 
brom-toluene is used ; meta-brom-toluene yields meta-xylene, 
and para-brom-toluene yields para-xylene. 

Ortho- and meta-xylene have also been obtained from certain 

ft/ 

acids, which bear to them the same relation that benzoic acid 
bears to benzene : — 

rCII, 
CeH, ■< CHg = C6H4 (0113)2 + OO2. 
(. OO2H 

The reaction b}^ which meta-xylene is formed from mesitylenic 
acid is of special importance, as will be pointed out. 

By oxidation, the xylenes undergo changes like that which is 
illustrated in the formation of benzoic acid from toluene, and 

which consists in the transformation of methyl into carboxyl. 

CH 

The first change gives acids of the formula C6H4< ' , one 

CO2H 

corresponding to each xylene. By further oxidation, these 
three monobasic acids are converted into dibasic acids of the 

formula ^6^^4<r!O^H' Thus, we have the three reactions, all 
of the same kind : — 

(1) CeHj.CH., + 30 = CeH^.COjH + H^O ; 

(2) CeH, <^^' +30 = CaH, < ^^"^ + H,0 ; 

and (3) CeH, < ^^\^ + 3 = C,H, < ^^jH ^ jj^^. 



The three monobasic acids of the formula C^,< 



CH, 
CO,H * 



kQown as ortho-toluic, ineta-talnic, aud parO'toluic acids re- 
spectiTely ; and the three dibasic acids obtained from them 

■ known as ortho-phtkallc, meta-phthalic, and para-phtkalte \ 
neids. Starting thus from tlie three broni-toluencs, we get, 
first, three xylcnea, then three toluic acids, and finally three 
phthalic acids. In oacli case, we diatingiiish between the 
three isomeric compounds by the in-efixes ortho, meta, and I 
para. In a similar waj-, all di-aiibstitution products of ben- j 
zeue are deaigiiated. We therefore have three aeries into \ 
which all di-auhstitntion 'products of benzene can be arraug 
and tlieae are known as the Ortho-series, the Mela-series, and 
the Para'Series. In aiTanging them in this vay, we may 
select any prominent di-aubstitiition product, and call it an 
ort/to compound; and then call one of its isomerides a meta I 
compound, and the other a jmra co7iipound. Having Ihna a J 
■"epreaentative of each of the three classes, the remainder of 
the problem consists in determining for each di-aubstitiitio 
product, by means of appixipriate reactions, into which one I 
of the three representatives it can be transformed. If fVom 
& given compoond we get the representative of the ortho 
Beries. we conclude that the compound belongs to the ortho 
series ; if we get the representative of the meta series, we , 
conclude that the compound is a meta compound; and if we 
get the representative of the para series, we conclude that 
the compound ia a para compound. As repreaentativea, we 
may select either the three xylenes or the three phthalic 
I acids. Now, to repeat, any di-snbstitution product of ben- 
I Bene which can be converted into ortho-xylene or into ortho- 
^ phthalic acid is regarded as an ortlio compound, etc. 

^This classiflcation of the di-aubstitution products of benzene 
into the ortho. meta, aud para series, by means of chemical 
i transfonnationB, is entirely independent of any hypothesis 
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garding tlie nature of benzene. We may now ask, however, 
which one of the three general expressions given above (see 
formulas I., II., and III., p. 238) represents the relation of tiie 
groups in the ortho compounds, which one the relation in the 
meta coin[)ounds, and which one the relation in the para com- 
pounds. If we can answer these questions for any three 
isomeric di-substitution products, the answer for the rest will 
follow. To reduce the problem to simple terms, therefore, 
let us take the three xylenes. We have three xylenes and 
three formulas : how can we deteiinine which particular form- 
ula to assign to each xylene? 

As may be imagined, this detennination is by no means a 
simple matter ; and it has been the occasion of a great many 
investigations. Theoretically, the simplest method available 
consists in carefully studying the substitution-products of each 
xylene, to discover how many varieties of mono-substitution 
products can be obtained from each. The formulas are : — 

cris C/H3 CH3 

• • • 

(4)110-^ ^C.CHg (4)HC^ ^CH(l) (4)HC'^ ^CH(l) 

(3)HC. /CH(1) (3)HCv /CCH3 (3)HCv /CH(2) 
^C C C 

H H 

(2) (2) 

Formula I. Formula II. Formula m. 



CH3 



Each of the four unreplaced benzene hydrogens of the xylene 
of formula III. bears the same relation to the molecule. It 
therefore should make no difference which one is replaced, the 
product ought to be the same. This should not be true of 
the xylenes represented by formulas I. and II. That xylene, 
whose structure is represented by formula III., ought therefore 
to yield but one kind of mono-substitution product. On study- 
ing the xylenes, we find the one which boils at 136® to 137' 



• TO 
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called para-xyleno, yields but one kind of mono-subBtitntionfl 
products; that ia, we can get from it only oao inoao-brom-B 
xylene : only one mono-iiitro-syleue, etc. We tliereforc < 
elude tU^t paia-xylene is represented by formula HI. above; , 
and, furtber, that formula III., ou p. 238, is tlie general ex- 
pression for all para compounda. 

Gxatniniug formula I., on tlie [ircceding page, in the sained 
way. we aee that H(l) and H(4) bear the same relation to the'9 
molecule ; and that Il(!i) and 11(3) idBO bear the same relatioa I 
to the molecule, though different from that of H(l) and 11(4). i 
Two chlor-xyleues of the formulas 

CH„ CHj 

HC^ ^CCH, HC^ ^C.CHg 

I I and I I 

HC. /CCI HC. yCa 

^c c 

H CI 

ought to lie obtainable from the xylene of formula I, 

In the same n*uy three mono-substitution products might be 
obtainable from the xylene of formula II. The method, tlie 
principle of which is thiis indicated briefly, while theoretically 
simple enough, is very difflcult in its application, except ii 
case of the para eorai>ouiidB. Other methods have therefore 
been used, and these will be diseusaed under mesitylene and 
naphthalene. It may be said, in anticipation, that tlie result 
of all observations point to formiUa I. for ortho-xyleue ; 
formula U. for mcta-xylene, and to formula III. for para- 
xylene. 

Ethyl-benzene, C„Hi.(-OnHr,.C,H,|. — This hydrocarbon ia 
with the xylenes, but differs from them in that it c 
an ethyl group in the place of one hydrogen of benzene, 
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instead of two methyl groups in the place of two hydrogens of 
benzene. 

It is made by treating a mixture of brom-benzene and ethyl 
bromide with sodium : — 

CeH^Br + CaH^Br + 2 Na = CeH^.CaHs + 2 NaBr. 

Its conduct towards oxidizing agents distinguishes it from the 
xylenes. It yields benzoic acid, just as toluene does. In this 
case, as in that of toluene, the paraffin radical is converted into 
carboxyl. It has been found that no matter what this radical 
may be, it is, under the same circumstances, converted into car- 
boxyl. Thus, the conversions indicated below take place : — 

Cells .CHg gives CJtl,,CO^. 

CfiHs . C2H5 ' ' CgHs . COjH . 

CgHg . CyHj ' ' CgHj . COgH . 

CcHg . C5H11 ' ' CgHg . CO2H . 

p TT ^ CH3 44 p TT ^ CO2H 

^'^' ^ en ' ' ^'^' ^ CO H' ^^' ' ''*^- 

Mesitylene, GjH,.^[=C6H3(CH3)3]. — Mesitylene is contained 
in small quantity in light oil, and can be ol)tained in pure con- 
dition from this source. It is most readily prepared by treating 
acetone with sulphuric acid : — 

3 CgllcO = C9H12 + 3 H2O. 

It is a liquid resembling the lower members of the series in its 
general properties. It boils at 103°. 

Its conduct towards oxidizing agents shows that it is a tri- 
methyl'henzene. When boiled with dilute nitric acid, it yields 
mesitylenic acid^ CyHjoO^, and uvitic acicZ, C^gOi ; and, by 
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further oxidation with chroip^c acid, trimesitic acid^ CgHgOg, is 
formed. By distillation with lime, mesitylenic acid yields meta- 
xylene and carbon dioxide ; uvitic acid yields toluene and car- 
bon dioxide ; and trimesitic add yields benzene and carbon 
dioxide. The formation and decomposition of the acids may 
be represented by the equations following : — 

rCH3 
CeHs(CH3)a + 3 O = CHj j CH3 + HjO ; 

Medtylene. ( COjH 

Mesitylenic acid. 

(CH3 (CH3 

CeH, j CH3 +30 = C„Il3 ] COjH + H2O ; 
C CO2H ( CO2H 

Mesitylenic acid. Uvitic acid. 

C CH3 ( CO2H 

Ce^s] CO2H + 30 = CeflJ CO2H + H2O; 



V-CO2H 

Uvitic acid. 

rCHa 
CeHs-j CHs 
(.CO2H 

Mesitylenic acid 

(CH3 

C^J COjH 
(.COjH 

Uvltlo acid. 

r CO2H 

CeHs ] CO2H 
(.CO2H 

Trimesitic acid. 



(C0,H 



Trimesitic acid. 



Meta-xylene. 



= C«H5.CH3 + 2CO2; 

Toluene. 



= CeHa + 3 CO2. 

Benzene. 



These transformations show clearly that niesityleue is tri- 
methyl-benzene, but they do not show in what relation the 
methyl groups stand to each other. 

An ingenious speculation in regard to this relation is based 
upon the fact that niesitylenc is formed from acetone. It 
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appears pr(>l)a))le that each of the three molecules of acetone 
taking part in the reaction, 

3 C3II6O = C^u + 3 H,0, 

undergoes the same change. As the product contains three 
methyl groups, tlie simplest assumption that can be made is i 
that eacli acetone molecule gives up water as represented . 
thus : — 

CII3-CO-CH3 = CH3-C-CH + H2O. 

Acetone. 

Wo thus liave three residues, CHg— C— CH, and these unite 
to form trimethyl benzene. The only way in which the union 
can be represented, assuming that fdl three act in the same 
way, is this : — 

CHa 

I I 

H 

According to this reasoning, mcsitylene is a symmetrical com- 
pound, — that is to say, each of the three metliyl groups bears 
the sanio relation to the molecule ; and the same is true of each 
of the three ])enzenc-hydrogen atoms. 

TFiis view has }>een tested by replacing the three hydrc^en 
atoms succ(?ssively by bromine ; and it has been found that 
the view is (♦onfirmed, as but one nicmo-bromine substitution- 
])ro(hi(;t of niositylene has ever been o})tained. Accepting the 
fonnula above given for mcsitylene, an important conclusion 
follows re"rardin<y the natiue of nieta-xylene. For we have 
seen that, by oxidizing mcsitylene, we get, as the first product, 
mesitylenic acid, — which is mesitylene, one of whose methyls 
has been converted into carboxyl. As all the methyl groups • 
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bear the same relation to the molecule, it makes no difference 
which one is oxidized. The acid has the formula 



CH 



8 

I I 

II 



Now, by distilling this acid with lime, carbon dioxide is given 
off, and meta-xylene is produced. 

As the change consists in removing the ear))oxyl, and replac- 
ing it by hydrogen, it follows that meta-xylene must be repre- 
sented by the formula 

CH3 



H 



and consequently that, in all meta compounds, the two substi- 
tuting atoms or gmups bear to each other the relation which the 
two methyl groups bear to each other in this formula for meta- 
xylene. 

Pseudocumene, C»Hi2[^C6H3(CH3):{]. — This hydrocarbon, 
which is isomeric with mesitylene, occurs in coal-tar oil, from 
which it can be made in pure condition. Its properties are 
similar to those of the lower members of the series. It boils 
at 169.8^. 

Psendocumene has been made synthetically from brom-para- 
xylene and methyl iodide, and also from broni-nieta-xylene and 
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methyl iodide. How this is possible, will be understood by an 
examination of the formulas below : — 

CHa CH3 

II II 

HC. /CBr HCv yCCH, 

CH ^^ 

„ ^, Brom-mcta-xylene. 

Brom-para-xylene. ' 

Replacing the bromine by methyl, in either of the compounds 
represented, the product would have the formula 

CH3 

1^ I 

XxOv •0.0x13 

CH3 

which is that of pseudocumene. 



Para-methyl-propyl-benzene, i^ ^ "\ O3H7/ 

This liydrocarbon is of special importance and interest, on 
account of its close connection with two well-known groups 
of natural substances, — the groups of which camphor and oil 
of turpentine are the best-known representatives. It occurs in 
the oil of caraway and the oil of thyme. The terpenes, which 
are hydrocarbons of the formula CioHig, and of which oil of 
turpentine is tlie best known, easily give up two hydrogen 
atoms and yield cymene. Probably the simplest way to pre- 
pare cymene is to treat camphor with phosphorus pentasul- 
l)hide, zinc chloride, or phosphorus pentoxide. 

It is a liquid of a pleasant odor. It boils at 175°. 
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It has been made synthetically from para-brom-toluene and 
propyl bromide : — 

Ce^^ < 2^« + CaHyBr + 2 Na 
Br 

= C6H,<^^« +2NaBr, 

which clearly shows its relation to benzene. As the final 
product of its oxidation, it yields para-phthalic (terephthalic) 
acid : — 

CeH,<^H» gives C^.<'^^%; 

see p. 246. 



CHAPTER XV. 

DERIVATIVES OF THE HYDROCARBONS, OnH^-a, 

OP THE BENZENE SERIES. 

Recallixc} what we learned under the head of Derivatives of 
the Paraffins, we naturally look for representatives of all the 
classes of compounds there met with. The derivatives of the 
paraffins were classified into : — 

1. Halogen derivatives. 

2. Ox3gen derivatives, including the Alcohols, Aldehydes, 

Acids, etc. 

3. Sulphur derivatives, including the Mercaptans, Sulphonic 

Acids, etc. 

4. Nitrogen derivatives, including C^'anides, Amines, Nitro com- 

pounds, etc. 

5. Metallic derivatives. 

The derivatives of the benzene hydrocarbons may be classi- 
fied in the same way, but a change in the order of consideration 
will be somewhat more convenient iu this connection, owing to 
many points of analogy which exist l>etween the halogen sub- 
stitution-products, the nitro compounds, and the sulphonic 
acids. All of these three classes of derivatives of the benzene 
hydrocarbons are made by direct treatment of the hydrocarbons 
with the substituting agents, and iu some respects resemble 
each other, so that they will be studied in connection. As 
the amido derivatives of this series are made almost exclusivelv 
from the nitro compounds by reduction, they will be taken up 
in connection with the nitro compounds : and, further, by treat- 
ment of the amido compounds with nitrous acid, a new class 
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lof uitrogen derivatives, known as diazo compounds, not i 
with in connection with tlie jmratliris, is formed. These \ 
be talteo up after the ainido compounds. 

After tbeae classes have been studied, we shall take np in 1 
turn the oxygen derivatives, ivhich ineludo the phenols or simple , 
liyilrosyl deri*'ative3 of the liyiii-ocarbons, the alcohols, fllde- 
Iiydes, acids, and ketonea ; and, finally, the ki/droxff-aciiis,i 
which are strictly analogous to tlie liydroxy-aeida of the pai-afflnl 
series - 

We have thus the following classea : — 



1. ffaJogfii derivatives, S. Sviphonic < 

2. ^tro compounds. 6. Phenols. 

3. Amido compounds. 7, Alcohols. 

, 4. Diazo compounds. 8. Aldehydes. 



^ids. 



9. Ackh. 

10. Ketones (and 

Qiiinones) . 

11. Itydroxy-acids. 



The relations of moat of these classes to the hydrocarbons 
B the same as those of the corresponding derivativt's of the \ 
ralfin series to the pavaflJus; and the general methods of J 
Ijbpaiation, as well as the i-eactions, are the same. Hence, \ 
>st of the knowledge acfinired in the first part of the course 
hy be applied to the series now nnder consideration. 
An enormous number of derivatives of the benzene hydrocar- | 
BB have been prepared and studied ; but we need study only 

f few in order to acquire a general knowledge of them. 
B following a few of the more important reprcseiUativi's of 
h class will l>e studied, mainly with the object of illostratiug 
beral facts and general relations. 



Halogen Deuivativfs t 



■ ISkx; 



wery litHe nee<l be said iu regard to tliese derivatives. By 

& action of bromine or chlorine upon benzene the hydrogen 

fi &re I'eplaeed one after another, antil, as the final products, 

tAJor-hensene , CaC\, and liexa-brom-benzene, CaBra, are 

led. It has already been stated that, when tlie action takes 
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place in direct sunlight, addition-products, C^jClg and CeHeBr^, 
are formed. Benzene hexachloride, CeHgClg, is formed also 
when chlorine is conducted into boiling benzene. The addition- 
products are readily decomposed, yielding tri-substitution prod- 
ucts of benzene and halogen acid : — 

CflHeBre = CgHsBra + 3 HBr. ^ 

Tlie substitution-products are very stable. They are, as a 
rule, formed more easily than the halogen derivatives of the 
paraffins, and, as a rule, they do not give up the halogens as 
readily. Thus, while it is possible in the paraffin derivatives 
to replace chlorine and bromine by hydroxyl, the amido group, 
etc., these replacements cannot easily be effected in the benzene 
derivatives. The halogens can be removed by sodium, as 
shown in the synthesis of hydrocarbons : — 

CeHsBr + CH3I -f- 2 Na 
= CcH^.CHs + NaBr -|- Nal, etc., etc. 

They can also be removed by nascent hydrogen, the hj'dro- 
carbons being regenerated : — 

C6H4CI2 -f- 4 H = CgHe -I- 2 HCl. 

This kind of reverse substitution is not, however, effected 
easily. 

l^erliaps the ])est known of the di-substitution products of the 
class under eousideration is 

Dibrom-benzene, CcHiBrj, which is i>ue of the products of 
tlio direct trotitiiunit of Ix'uzeno with l)romine. This being a 
di-su])stitution product of benzene, it follows, from what has 
been said in regard to isomerism in this group, that three 
isomeric ytirieties of the substiuice ouglit to be obtainable ; and 
the interesting (juestion suggests itself : which one of the 
three p()ssil)le dibroni-l)enzenes is formed l)y direct treatment of 
benzene with bromine? Tiie answer to the ipiestion is equally 
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interesting. The main product of the action ia para-Hhta 
benzeue, while there is always fornietl in much smaller qnantit; 
eoiDO of the orl7ta product. The rcaBon why these products I 
are obtaiaed, and not the meta compound, ia uuknown ; 
has atiy plausible hypothesis been suggested to account for the i 
fact 

In studying the substitution-products of benzene, one of the J 
first problems which present themselvea ia the determinatioQ 1 
of the relations which the substituting atoms or groups bear ] 
to each other. The determination is madt 
stated, by transforming tlie compounds into others, the rela-l 
tions of whose gi'onpa are known. Thus, to illuatrate, when( 
benzene is treated under the proper conditions with bromine, 
two dibrom -benzenes are formed. Without investigation, ■ 
of course, cannot tell to which aeriea these compounds belong. 
But, by treating that product whieJi ia foimed in larger quantity 
with methyl iodide and sodium, we get para-xi/liine. In other 
mrds, by replacing the two bromine atoms of the dibroni'- 
jnzene by methyl groups, we get a compound which we know J 
Hongs to the para series [ and, therefore, we have determined'^ 
[tt the bromine product ia a para compound. lii the follow- 
5 chief reactions made use of for effecting the traua- I 
mations of the derlvatiycs will be discussed. 



Hai 






■■ TOUTENE. 



made up of a residue of marah gas, methyl,. 
I, and a residue of benzene, phenyl, CbHj, we may naturally I 
ipecttoflnd that it yields two classes of substitution-products: 1 
fe., (1) Those in wliich the substituting atom or gioup repla< 
one or more hydrogen aboma of the phenyl group; and (2) those 
n which the substitution takea place in the methyl. In gen- 
,, when ti'cated with chlorine or bromine in direct sunlight, 
bif boiling, toluene yielda products of the second class ; while, | 
□ treated in the dark, or if cold, it yielda products of thej 
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first class. Thus, we have the two parallel series of chlo- 
rine derivatives : — 

I. n. 

C6II4CI .CH3 Cglxg .CH2C'1« 

C(;Ti;jCl2.GH3, OgHg •C'U.L'lj* 

When a member of tlie first class is oxidized, the methyl is 
changed, and the rest of the compound remains unchanged, 
as in tlie case of toluene. Thus, the first substance of class I. 
yields the product CcH^Cl .CO,II ; the second, CeHsClg.COjH, 
etc. These products are substituted benzoic acids. On the 
other hand, all tlie members of the second class yield the same 
product that toluene does; viz., benzoic acid. Hence, by 
treatment with oxidizing agents, it is easy to distinguish between 
the membcrs^ of the two classes. Further, the halogen atoms 
contained in the methyl are not as firmly held in combination 
as those in the phenyl. When, for example, the compound 
CcTIa.CIICL, which is called beiizid cJiloride, is treated with 
water, both chlorine atoms are replaced by oxygen, the product 
being the aldehyde C0II5.CIIO, which, as we shall see, is the 
familiar substance, oil of bitter almonds. When, however, the 

isomeric di-clilor-toluene Q^^Qlo^QHz ^^ heated with water, no 
change takes place. 

Rogardnig those sinii)h^ substitution-products of toluene which 
contain one halogen atom in the phenyl, such as mono-brom- 
toliieno, CcTIiBr.CIT.;, we see that they are di-substitution prod- 
ucts of benzene, and hence capal)le of existing in three isomeric 
varieties, ortho, meta, and para. The products formed by 
direct treatment of toluene with chlorine or bromine are mixtures 
consisting mostly of the para compound, together with a much 
smaller quantity of the ortho compound. 

The determination r)rtlie series to which one of these products 
belongs can be made ])y n.' placing the halogen by metliyl, and 



thus getting Oie (.inTesiiomruig xylene. The main product o 
till? ftfjtioti of bromiiii! on toluene is t.hiia converted into para- . 
xylene, ami ia Uierefore iiarii-broui- toluene. 

Hauhjks Derivativks or tuf. IIicuer Mh^mbeks of 

THE ItKN^^RME SeKIES. 

i!i'niu<; tliii lialogen derivativeB of xylene, it need only i)0,| 

1 that the only one of the three xylenes from which pni*;'! 

) oaii easUy be obtained is para-sylene. When this ia^l 

il with bromine it yields but one moiio-brom-sylene. The^ 

EliiDouicc of this fact lias been discussed above. The it 

Rbslatntion products obtained from the other syleneM 

[xtures which it is very diJHcult, and in 8i>me eases inipoa- ; 

nle, to separate into tbeir constituents. Mesitylene and 4 

pseiidocumene, though both are tvi-inethyl-Ticnzencs, conduct™ 

tbeJDselvea quite differently towards bromine, — the former yield-. ] 

f only one mono-bromine product ; the latter, a mixture of 

kveral. 




NiTRO C. 



' Benzene 



Hn speaking of nitro compounds in connection with the paraf- 
i derivatives (see p. 100), it was staled that they are obtained 
ore readily from the benzene hydrocarbons thun fnHn 
1 paraffins. But few nitro deriviitives of the paralBns are 
As will Ijc remembered, they cannot be prepared by 
uting the paradlns with nitric acid, but must be made Tiy 
EpaitoOB reactions, the principal one being the treatment of 
i hal(^;QU derivatives with silver nitrite : — 

CsHjBr + AgNOj = CjHstNOj) + AgBr. 



ffha preparation of a nitro derivative of a hydrocarbon of 
\ benzene aerica is a simple matter. It is only necessary to 
mg the hydrocarbon in contact with strong nitric acid, when 
Iftkes place, and one or more hydrogen atoms of the 
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li,vdr(>ciirlM>ii arc replaced by the nitro g^'oup NOg, as represented 
in the equations, — 

Cy I« + UNO, = Cell, . NOj + H,0 ; 

Cgii,.N()2 + 11NO3 = c;h,(nOj)s +H2O; 

CeH, .CH3 + HNOg = €«H4 < ^2' + H«0 ; 



Cell, < ^J^^ + UNO., = CeH, < ^^'^^ + H,0. 



^^» + UNO., = CeH3< ^^^')^ 
I3 CHs 

The nitro oomi)oiiiKl8 thus obtained are not acids, nor are 
iliey otlierciil salts of nitrous acid, as the formulas might lead 
us to suppose. The most rational view held in regard to them 
is, that they are formed from nitric acid by the replacement of 
hydroxyl by benzene radicals, as indicated thus: — 

QarsinTjTO = C6H5.NO2 + HgO. 

Mono-nitro-benzene, C6H5.NO.J. — This substance is made 
h\ treating benzene with concentrated nitric acid, or with a 
mixture of ordinary concentrated nitric and sulphuric acids. 
In tlie latter case, the sulphuric acid facilitates the reaction, 
prol)a])ly by preventing the dilution of the nitric acid by the 
water necessarily formed. 

Kxperlment 58. Make a mixture of WO^^ ordinary concentrated 
sulphuric acrid, and 75cc ordinary concentrated nitric acid. Let It cool 
to the ordinary tenii)erature. Put the vessel containing it in water, 
and add about 15*« to 2()^c benzeue, a few drops at a time, waiting each 
time until the reaction is complete. Shake well until the benzene is 
dissolved; then pour slowly into a])out a litre of cold water. A yellow 
oil will sink to the bottom. This is nitro-beuzene. Pour off the acid 
and water; wash two or three times with water; separate the water 
by means of a pipette, and dry by addinir a little granulated calcium 
chloride. After standin^ij for some time, i)Our off from the calcium 
chloride, and distil from a proper sized distilling-bulb, noting the 
boiling temperature. 

Nitro-beuzene is a liquid which boils at 205°, and has the 



vity 1.2. ItB odor ie liko tLat of tlie oil of ISttef^ 
almou'ils, iiud it ia lieuce used in mauy cases instead of the j 



It is mauufao- 
tli<! preparation 



L product of the ' 
nitro- benzene. 



latt«r. It is known as the essence of mirbunt. 
tured on the large spnie, and used principally i 
of aniline. 

Dinitro-benzene, C,H,INO,),. — This is i 
furtlier action of nitrie acid on henzcne, or on 

Experiment 50. Make n mlxlure of 50'* coucentrated ealphnric I 
acid, and 50" fuming nitriu ncid. Without cooling add very alovAy J 
ibout 10™ bcDzene from a pipotte with a due opening. After tho I 
wUon is over, boll the mixture for a Kliort time ; then poor Into about J 
Iiftlf a litre of water. Filter off the solid substance Uins preoipltateO, 
prMs It between layers of flltar-paiier, and crystallize IVom alcohol. 

Dinitro-benzene cryetalliKes in long, fine needles, or thin, 
rhombic plates. Meltiug-poiut, 91°. 

By means of two reactions, which will be deecribed under , 
the head of Diazo Compounds, it is a simple matter to replace 
the two nitro groups by bromine, tluis converting dinitro-ben- 
zene into dibrom-benzeue. When tho latter is converted into ] 
xylene, the product is meta-xyleue. Hence, ordinary dinitro- 
henzene is a meta compound. 



Nitro-toluenes, CtH.(NOi).OH( — When toluene is treated 
with strong niti'ic acid, atibstitiition always takes place in the 
phenyl. The chief mono-nitm -toluene is a para compound; 
while, at the same time, a little of the isomeric ortho compound 



Note for 8ti!dknt. — What mono-bromine products are formed 
l)y direct treatment of toluene with bromine ? Given a mono-iiitro- 
toluene, how is it possible to determine whether it belongs to the 
ertho, the meta, or the para series? 

By treatment with nascent hydrogen, the nitro- toUienes are 
converted into the corresponding amido compounds, called 
Toluidinea (which see). 



ilriO^ 



DEBrV'ATrVES OF THE BEHZBNE SERIES. 

Amuio Compouni>9 of BenzeNE, etc. 
Tilt! Ainido (lei'ivativca of tlit' paralllias lUd made, for tho 
IJiLi't, by treating the hnloguu derivatives with ainiiKtiiia ; - — 

C,U,lif + Nlla = CHj.NH, + HBr. 

in speftkiiig of these derivatives, however, attention was calli'il 
to the fact that they can also be msuie liy treating nitro im- 
pounds with nascent hydrogeu. The latter method is one of 
great impoi'taace iu the benzene series. It is need exelusiT^ly 
in the preparation of the aiiiido derivatives of the Iwnionp 
hydrocarbons. Several of these derivatives are well known, 
tlie simplest and best known being itmido-bensene or aniline. 

Aniline, C,H7N(=0,^,,.NH,).~ Aniline was li rat ohtnined 
from iniligo by distillation. Anil la the Portuguese and French 
name of the in<ligo (ilant, and it is from this that the usme 
aniline is derived. Aniline is found iu eoal tar and iu bone oili 
a product of the distillation of Iwues. It is prepared liy "^ 
duction of nitro-beuzene with nascent hydrogen. On tiie Isrg* 
scale the hydrogen is obtained from hydrochloric acid and irofl' 
For laboratory purposes tin and hydrochloric acid arc i)erba|» 
best. Other reducing agents, sucli as an ammonlacal solution 
of ammonium sulphide, hj-driodic acid, etc., also cffeiit w' 
change, which is I'epresented by tho following equation : — 

CsH,.NOj + en = CoHs.NH, + 2HjO. 

Experliiiritt 60. Arrange a litre flask with a stopper and a stmlglit 
glass tube from two to three feet long. Put in tlie Bask 8fi» gniW" 
lated tin and about 4CK» ordinary concentrated bydrocliloric acid. No" 
odd slowly 60« nltro-ljenzene. After the action Is over, add enongli 
water to dissolve the contents of the flask, then add sodium lijdroxiil^ 
until the pi-ecipltate first formed is nearly all dissolved. Distil, hI"* 
aniline and water wll! pass over. Separate as in the 
ethane (see p. 30). 



Aniline is a oolovless liquid which rftfi'Ui' hecomss coloreil 




TOLT7IDINE8, 



the lur. It IjoiIb at 194.5°. It solidifles at a tow temperature ; 
is eRsily soluble in alcohol, but aliglitly soluble in water. The 
eolntioii ill wiiter has only a very slight alkaline reaction. 

Bzpcrimcnt 81. To an aqneoQa solution of a, little of tlic aniline 
obtalncil in Exp. CD, in n. test-tub«, add a nitereit solution of bleach- 
ing powder (calcium hypochlorite). A bcautiftil purple color ts pro- 
iluced. 

I, I To a solution of aniline in concentrated sulphuric acid add a few 
IfeMeof anoqueoas solutlnu of potassium bichromate. A blue color 
^Httdaced. 

^Hsiline bears-to benzene the same relation that etliyl-amine 
!^uniilfi-e thane bears to ethane. It is a substituted ammonia, 
uid, like other bodies of the same class, it unites directly with 

f, formuig salts. Thus, with hydrochloric, nitric, and 
uric acids tlie action takes place as represented below ; — 
E 



C^..NH, + HCl = (CeHa.NHs)Cl; 
C^.NHj + HNOj = (C„Hs.Nri,)NO,; 
C^, . NH, + H5SO, = CA ■ NH3HSO,. 



le decomposition of aniline lijdrochloilde by menus of 
caustic alkali takes place as represented in the following 
fqiiation : — 

CaHj.NnaCl + KOH = CgHj-Nna + H,0 + KCl. 

Among the most inter^ting changes which can be effected in 
iitiilinc is that which takes jilacc when it is treated with nitrons 
ucid (see Diazo ComiMuuds, below). 

KoTB FOR Student. — What chnuge is usually effected iu wmido 
compounds by treating them witli nitroiis ncid? 

Toluidines, amido-toluenea, C„H, < JJ?'. — The tolui- 
ilincs, of which there are three eoiTcspouding to the three nitro- 
kduenes, are made from the latter in the same way that aniline 
is made from niti'o-benzune. Ab para-mtro-toluetie is the beat 
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known of Uie three nitro-toluenes, so jyara-lalukUne is tlift iient 
known of the tlirec toliiidinee. 

The properticB of the lolnidmeB are mDch like those or aniUpe. 

Treated witli various oxidizing agents, a raistiirc of «iii!iiiii 
and the loliiidines is converted into ii compound known u 
r,>mnilme. This is the mother substonce of the large group of 
Goinjiounds known as the aniline <lyeg, Rosauiline and its de- 
rivatives, the aniline dyea, will be treated under Tri-flieH^- 
melbane (which see). 

By nitrous acid the toluidincs are transformed iu tlie siuM 
way tbat aniline is (see Diozo Componnda). 

The xylidines bear to the three xylenes the same relation 
that aniline bears to benzene. It is not a simple matter to get 
any one of them in pure condition. 

DiAzo Compounds ov Bf.nzbnb, eto. 
The usual action of nitrous acid on jmiido comiwiinds is 
represented by the equation, — 

K-NHj + HNO, = R.OII + H.^O + Nj. 

When an nmido derivative of a hydrocarbon of the ItenMoe 
series is ti'eated with nitrous acid, and certain precnutionB sre 
taken, a product ia obtained which conhiins two niti^"'' 
atoms, and which is, therefore, called a diaza amipovn'l- 
Thus, in the case of aniline sulphate, the actjon is represented 
by the equation, — 

CflHjNHj.HjSO, + HNOa = C„H,Ns.nSO. + SHA^ 

AniLInfl nulpbaUi. Diao-heDKeae HulpbAtc. 

So, also, with the nitrate we have, — 



From these salts the diazo-bcnzene itself can be e 
means of acetic acid. It baa been found to have the t(4 



COMPODNDR OF BliNZENE, ETC. 



, however, very uuatable, iind 



^5(0H). This componnd i 
5nce deoomiKised. 



perfment Q2. Arrange an appajatns as shown in S'lg- H- In 
A put some coarscly-powdereit arsenic trloside (about B(W}, and 
'fa the funnel- til lie pour 40"* to 50™ ordinary nitric acid of specific 
■J 1.35. Bis an einpty cjlinder surrounded hy water, Cand D 
nftll flasliB of about 50^ capacity, in each of which should be 
f aniline nitrate, and 12™ Ice-cold water. 




are kept In ice vmter. Puss a current of the oxides of iiitiMgcii 
he materiid In the Ras\is. eILshoIvc^, Add to the Kuliition about 
lal rolnme of alcohol prevtonslj cooled to 0°, and then a little 
Iber. If the operation has been snecessful, a copious preclpltati! 
stals of (Uaso-benzene mtrale will app(>Ar. Filter off with the 
a snetion-pump, and, aithout delay, pro(.-«ed to atndy the prnpcr- 
Uie compound. 
J>igaol?e a little In water of the ordinary tcinperatare, aad.«\.^uw 
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the Holutiou to stand. Decomposition, indicated by change of color, 
will take place. 

(f)) Boil a little with w^tcr in a test-tube, and notice the odor of 
phenol or carbolic acid. 

(r) Boil a few j^ramH with alcohol in a test-tube, and notice the ease 
Avith which the decomposition takes place. Tlie chief product Is ethyl' 
phenyl ether or phenetol, CgHj . O . CjH^. 

(cZ) Boil some with hydrochloric acid. Chlor-benzene is formed, 
which sinks to the bottom when water is added. 

lu all these experiments a gas is evolved which can be shown to be 
nitrogen. Collect some, and show that it does not support combustion. 

(c) Place a very little of the compound, dried by pressing in fllte^ 
paper, on an anvil, and strike it sharply with a hammer. It explodes. 

The above experiments serve to indicate the instability of 
diazo-benzene nitrate. This same instability is characteristic 
of all diazo compounds, and it is the ease with which they 
undergo a variety of changes that makes them so valuable. 
The principal cluingos are : — 

1. Tliat illustriited in Kxp. G2 (6), which is brought abou^ 
by boiling with water. The action is represented thus : — 

CeH^Nj . NO3 + H,0 = CeH, . OH + N, + BNOa. 

Phenol. 

2. That illustrated in Kxp. G2 (c), which is effected by boil' 
ing with alcohol : — 

C6H5N2 . NO3 + C2H5 . Oil = CeHfi . O . C2H5 + Na + HNO3. 

Phonctol. 

3. That effected })y hydrochloric acid as illustrated in Exp- 

()2 (d) : — 

C6H5N,.NO, + IICl = C\JT,C1 + N2 + HNO3. 

Mono-chlor-benzene. 

Changes similar to the last are effected by hydrobromic and 
hydriodic acids, the chief products being brom-benzene and 
iodo-benzene respectively. 

From the above it follows that, if we have a compound con- 
taining a nitro group, we can, by making the diazo compound. 



s 



.1" 
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transfom) it (1) iDto the correspoiiding hydroxy] derivative; 
(2) into the corresponding chlorine, bromine, or iodine deriva- 
tive ; or, (3) we can make etbera containing such groups as 
CaHjO, CHjO, etc. These reactions involving the use of the 
diazo componnds have been used very extensively in the inves- 
tigalion of the snbatitution-products of the benzene series. 

Note for Student. — How cun the relfttlou at tlic groupg in (ii- 
llitro-benzL'ne lie dctermiDetl by usillg the iliazo reautioDS? 

As regards the relation of diazo-bonzene to benzene, it seema 
clear, from the reiictiona above considered, that in it the phenyl 
group OflHj is present, and that tliis is in combination with two 
nitrogen atoms. In the compounds, the two atoms of nitrogen 
forjn the connecting link between the phenyl group and the 

Jr constituent, as expressed in the formulas 
lie d 
rth( 



C„II,-N^-NOj, 
CflIIj-N,-OK, 
Cflna— Na-Br, etc. 

e decompositions all indicate the con'ectness of this 
^ the nitrogen atoms arc united, we do not know. 



ScLPHONio Acids op Benzene, etc. 

The methods of [ireparation of the snlphonic acids, and the 



relations of these acids to the hydrocarbons, 

pretty fully, iu connection with t!ie paraffins. Three general 

methods for their preparation were given. These are : — 

1. Oxidation of the mercaptans; thus, etliyl-aulphonic acid 
IB formed l)y oxidation of ethyl-mercaptan, — 

CiHi-SII + 3 O - C\.Hs.SO,II. 

1 Treatment of a lialogen siiljstitution-product with a sul- 

CjHjBr + NosSOs = CjHj.SO.Na + NaBr. 
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3. Treatment of a hydrocarbon with sulphuric acid. This 
method is not applicable to the paraffins, but is the one used 
almost exclusively in the case of the benzene hydrocarbons. 
Benzene-sulphonic acid is formed thus : — 

C«He + H2SO4 = CeHg.SOaH + HjO. 

Toluene-sulphonic acid is formed thus : — 

CeH^.CHa + H^SO^ = C6H4< JJJ« + H,0. 

The reasons for regarding the sulphonic acids as sulphuric 
acid in which hydroxyl is replaced by radicals, were given on 
p. 76 ; and the student is advised caref uUj' to re-read what 
is there said. 

Benzene-sulphonic acid, 06H6SOsr= Sq jSOaj. — This 

acid is made by treating benzene with sulphuric acid. Simi- 
larly, and more easily, toluene-sulphonic acid^ C7H7.SO3H, is 
made from toluene. 

Experiment 63. In a flask bring together about b(y^ toluene and 
100<=<= concentrated sulphuric acid (ordinary). Heat on a water-bath 
and shake until most of the toluene is dissolved. Pour the contents 
of the flask into a large evaporating dish of at least 8* to 10^ capacity, 
containing 4^ to 5' water. Heat gently, and add gradually, stirring 
meanwhile, finely-powdered chalk, until the solution has become neu- 
tral. Pass through a muslin filter attached to a wooden frame, and 
wash thoroughly with hot water. Afterwards refilter the filtrate 
througli a paper filter. Evaporate to quite a small volume (say 500*^^ 
to 700<^<=), and filter from gypsum. In solution there is now the cal- 
cium salt of the sulphonic acid. Add just enough of a solution of 
potassium carbonate to precipitate exactly the calcium ; filter off from 
the calcium carbonate, and evaporate to dryness, finally, on the water- 
bath. To prevent caking it is necessary to stir the thick, syrupy mass. 
When it is nearly dry, it is best to powder it, and complete the drying 
at 100° to 120° in an air-bath. The potassium salt can be used for a 
number of experiments. 
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Experiment 64. In a dry evaporating disli mix thoronghlj 2« of 
potassium toluene -snlphonate with 25it of phosphoniB peuta-chlorlde, 
by means of a dry pc-stle. The mass becomes aemi-Uqnid and hot, 
and hydrochloric acid is given off, In consequence of the action of thu 
moisture of the air on the chlorides of phoaphorns. Hence, the experl- 
luent slioLild be performed under a hood or out of doora. The reaction 
which takes place is represented by the equation, — 

C,H,. SO,OK + PCI5 = C,EI, . S0,C1 + POClj + KCL 

Aft*r the action is over, and the mass cooled down to the ordinary 
temperature, add about a litre of cold water. Everything will dissolve 
except the snip hou-chlorlde, C,n,.SO,Cl, which will remain as a heavy 
oil at the bottom of the vessel. Pour off tlie water, add about 500™ of 
Btroug ammonia, and let stand. The chloride will thus be converted 
into the corresponding sulphon-amide, thus : — 

C,ej. SO^Cl + 2 NHj = C,H,. SO,NHj + NH.CI. 

After cooling, filter off the sulphon-amide ; wash well with cold water, 
and crystallize from water. 

Note for Stuubnt. — Refer back to what was said regarding the 
acid chlorides and acid amides, paying particular a 
general methods of preparation and their decomposition 

Giperliiient 65. Mix ZO- potassium cyanide with an equal weight 
of dry potasatora tolupne-sulphonate, and distil from 1 small retort. 
The distillate is impure tolyl cyanide, C,H,.CN; — 



KO 



> SO, + KCN = C,H, .CN + KjSOj. 



Fut the tolyl cyanlc^e In a Hask of 300" to 400=" capacity, and add a mix- 
ture of SO"' water and 150" ordinary concentrated sulphuric acid. Heat 
on a sand-bath until the toluic acid begins to appear in the form of flue, 
white needles in the neck of the flask. On cooling, the acid will crys- 
tallize out. Pour oir the liquid, and wash with cold walflr. Now 
crystallize the acid once or twice from water. When pure, para- 
toloic acid uelts at 1TT°. The reaction is represented by the fol* 
towing equation; — 

C,H, .CN + 3 H^O = C,n, .CO,H + NH,. 

ce-aulpliouic acid itself is a very easily soluble sub- 
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stance. It is a strong acid, and yields a series of salts and 
other derivatives. 

When fused with potassium hydroxide, benzene-sulphonic 
acid is converted into phenol (Exp. 6Q^ p. 270) : — 

CeHg.SOgK + KOH = CeH^.OH + KSO^. 

By further treatment of benzene with fuming sulphuric acid 
a benzene-disulphonic acid is formed. This is capable of the 
same transformations as the mono-sulphonic acid. 

Note for Student. — By what reaction could benzene-disulphonic 
acid be transformed into the corresponding dicarbonic acid,CgH^(C02H)2? 
Suppose the product obtained were meta-phthalic acid, what conclusion 
could be drawn with reference to the relation of the two sulpho groups, 
SO3H, in the disulphonic acid ? 

Phenols, or Hydroxyl Derivatives of Benzene, etc. 

The hydrox}'! derivatives of the paraffins are called alcohols. 
As will be remembered they are of three kinds, each of which 
is characterized b}^ certain properties. We have : — 

1. Primary alcohols of which ordinary ethyl alcohol is the 
commonest example, and which, when oxidized, yield aldehydes 
and then acids containing the same number of carbon atoms. 

2. Secondary alcohols^ which by oxidation yield acetones and 
then acids containing a smaller number of carbon atoms. 

3. Tertiary alcohols^ which by oxidation yield neither alde- 
hydes nor acetones, but break down at once, yielding acids 
with a smaller number of carbon atoms. 

The primary alcohols were shown to correspond to the 



R 

TT 

formula C -{ „ ; the secondary to C 



■p 

and the tertiary to 



H ' -^ H 

C ■{ ; or, in other words, the primary alcohols contain the 

'^ HO 
group CH2.OH; the secondary, the group CII.OH; and the 

tertiary, the group C.OH. 



Now, the simplest liydroxjl ilorivative of the members of '■ 
the benzene series is phenol, C'oHj .Oil, or benzene in which ona 
hydrc^en is replaced by liydroxyl.. Representing this com- 
ponnil in tccras of the accepted beuzeue hypotheaia, we have 
the formula 

OH 



nc 



y^\ 



CH 



n 

According to this, phenol uppcars to be allied to the tertiary 
alcohols, !is it contaiua the group C'.OH, aud not CHjOH ii 
CH.OH. We shall see that, in fact, phenol conducts itself 
towards oxidizing agente like tiie tertiary alcohols. 

All compounds which contain hydroxyl in the place of the 
benzene-hydr<^n atoms of benzene and its Iiomologues are 
called plieiwls. As in the case of alcohols, there are phenols 
containing one hydroxyl, or mon-acid pJienoh ; thoee containing 
two hvdroxj'ls, or lU-add pJieiwls ; those containing three hy- 
(Iroxyls, or trl-add phenulu, etc. Some of tliese are familiar 
substances. 



MON-A< 



. PllENI 



Phenol, carbolic acid. CJl60C= CbHsOH). — Phenol is, 
found in nature in small quitntitios in the urine. It is formed 
by the distillation of wood, coal, anj bones. Hence, it is a- 
coustitneiit of coal tjir, aud from this it is prepared. For tiiis 
purpose the heavy oil (see p. 231) is treated with an alkali 
which dissolves the phenol. Fi^om the solution it is precipitated 
by hydrochloric acid. It is pnrifled by diatillation, 

Phenol can also be made by converting nitro-benzene iuto 
nniline ; then into diazo-benzene, and boiling this with water 
(aee Esp. C"i (h)) ; and by melting benzene-snlphouiu acid 
vitU potaaaium hyibo^de. 



270 DERIVATIVES OF THE BENZENE SERIES. 

fixperlment QQ, In a silver (or iron) crucible, or evaporating dish, 
melt 40« to 50k potassium hydroxide, after adding a few cubic centi- 
metres of water. Now add gradually 10« finely-powdered potassium 
toluene-sulphonate, obtained in Exp. 63, stirring constantly with a silver 
(or iron) spatula. Do not heat to a very high temperatnre. After the 
mass has been kept in a state of fusion for one-quarter to one-half an 
hour, let it cool. Dissolve in 200«c to 250«c water, and acidify with 
hydrochloric acid. Notice the odor of the gases given off. What gas 
do you detect? When the liquid has cooled down, extract with ether 
in a glass-stoppered cylinder. J^'rom the ether extract distil the ether 
on a water-bath. The residue is impure cresol (p. 274). Phenol can 
be detected by the following reactions, for which a solution in water 
should be prepared : — 

(a) A few drops of ferric chloride solution gives a beautiful blue 
color. 

(h) Add one-fourth volume of ammonia, and then a few drops of 
a dilute solution of bleacliing powder. A blue color is produced. 

(c) Bromine water gives a yellowish-white precipitate of tri-brom- 
phenol. 

The reaction which takes place in melting potassium hydrox- 
ide and potassium benzene-sulphonate together is represented 
by the equation, — 

CcHs.SOgK + KOH == CgH^.OH + K^SOs. 

It effects the replacement of the sulpho group, SO3H, by 
hydroxyl. 

Phenol, when pure, crystallizes in beautiful colorless rhombic 
needles. The presence of a little water prevents it from solidi- 
fying. It has a peculiar, penetrating odor ; boils at 180° ; is 
.difficultly soluble in water (1 part in 15 parts water at ordinary 
temperature) ; mixes with alcohol and ether in all proportions ; 
and is poisonous. 

Phenol forms compounds with several metals. Among these 
may be mentioned the following : — 

Potassium pJienolate^ CqR^ .OK, made by dissolving potassium 
in phenol, and by treating phenol with caustic potash. 

Barium pJienolate^ (CcH50)2Ba + 2 H2O, made by dissolving 
phenol in baryta water. 
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Lead oxide phenol, CsHgO.PbO, made by dinsolviug lead 
oxide in phenol. 

It also forms ethers, of which the methyl and diplienyl 
ethers may serve as examples : — 



Methyl-phenyl ether, C,H„o(- g^ > o). 



-This sub- 



stance, also caUed anisol, is obtaiiied from anisic acid (methoxy- 
benzoic acid) by boiling with baryta water. It is made also by 
treating potassium pbenolate, CgHjOK, with methyl iodide: — 



It is a liquid of a pleasant odor. 

Note for Stubknt. — Compare this aubatnnce with ar^iiiar>j ftker, 
Wbat method analogons to tliat above mi-atloned can be used in the 
preparation of ordinary ether? 

Diphenyl ether, C|;Hi„o(=S'o^>o). — This bears to 
plieuol the aame relation that ordinary ether bears to alcohol. 

With acids, phenol, like the alcohols, yields ethereal salts iu 
which the phenyl group, CaHj, takes tlie place of a metal. 
Among the conipouuda of this class which phenol forms with 
organic acids, the following may be mentioned : — 

Phenyl acetate, O.H,O.jC=CH3.CO,.Of,H0.— This is formed 
by treating phenol with acetyl cidoride. 

KoTK FOK Student. — Wliat use is acctjl cblorlde put to as a re- 
agent tn organic cbemiatrj? Explain its use. What conclusion can 
be drawn from tlie fact tbnt acetyl chloride acts upon phenol, replacing 
one hydrogen by acetyl, C,H,0? 

Svbslitiition-prodticls of phenol. Phenol is very susceptible 
to the action of various reagents, and a large number of substi- 
tution -prod nets have been made from it. 

Bromine acts upou it readily. If, for example, bromine water 
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is added to a watei' solution of phcuol, tri-brom -phenol is formeil 
and precipitated. 

Dilute nitric acid acts ujion plienol, yielding two mono-nitro- 
phenols, C,Hjj ', one of which has been shown to belong t» 
lliu ortbo Beries, the other to the para serieB. 

Experiment 67. Add 20« plieuol Lo a misturc of 80" water and 
to™ ordinary eouceiitrated nitric acid (ap. gr. 1.3i). Stir, aud, after a 
time, pour off the dilute acid from ttie oil. Wash with water, and Gxva 
put it into a Bask, with about a litre of water, arranged aa shown Id 
Fig, 15. Flftsk A holds nothing but wat^r; while the oil. together with 




Fig. Ifi. 



water, ai^e In B. Prom A a current of steam is passed into B, which 
la heated by means of a lamp. Yellow crystala pass over and ap peW j 
In the reeeiver, while a uou-volatiie substance remains t>ehlud li 
B. The TOlatilc substance In ortho-nitro-phcuol ; the u 
para-nl tro-phe ii»l. 

/ (NOT 
I OH 
This is formed very easily by the action of Mtrong nitriii acid op 
pbcuol. 

Experiment 88, Add lO* phenol slowly to IOb concentrated nitric 
acid. When the action Is over, add 30^ fuming nitric acid and boll 



Tri-nitro-phenol, picric acid, CfHaNuOTl - CnH;' 



B, which 
d ap pew i 

OH /' 
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for some minutes. Extract the picric acid by means of hot water; 
and purify by dissolving in potassium carbonate, and evaporating to 
crystallization. 

Picric acid forms yellow crystals, has a very bitter taste, 
is poisonous, decomposes with explosion when heated rapidly. 
It dyes wool and silk yellow. 

Note for Student. — Is there any analogy between tri-nitro- 
phenol and tri-nitro-glycerin? What is the essential diflfcrence be- 
tween them? 

One of the most interesting properties of tri-nitro-phenol is 
its power to form salts. It acts like a strong acid. It will 
thus be seen, that, while the substance CgHg .OH has only very 
slight acid properties, the same substance, with three of its 
hydrogens replaced by n^iro groups, C6H2(N02)3.0II, has 
Btrong acid properties. In the salts, which have the general 
formula CftH2(N02)3.0M, the metals replace the hydrogen of 
the hydroxyl. Among them may be mentioned the potassium 
salt which was obtained in Exp. 68 ; this explodes when heated 
and when struck. Ammonium picrate, C6H2(N02)3.0NH4, is 
used as a constituent of explosives. 



^enyl meroaptan |c«HeS(= CA.SH).-This bears 

Phenyl hydrosulphide, ^ 
the same relation to phenol that mercaptan bears to alcohol. 
It can be made by reducing benzene-sulphonic acid. This 
reduction is effected by first making the sulphon-chloride, 
C«H5.S02C1, (Exp. 64), and then treating this with nascent 

hydrogen. 

« 
Note for Student. — What is the effect of oxidizing the niercap- 

tans? 

It can be made, also, by treating phenol witli phosphorus 
pentasulphide, the effect of this reagent being to replace oxy- 
gen by sulphur. 
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Note for Student. — What analogy is there between the action oi 
phosphorus pentachloride and of phosphorus pentasulphide on com- 
pounds containing oxygen? 

Phenyl mercaptau is a liquid, with a very disagreeable 
odor. With mercuric oxide it forms a crystallized com- 
pound, (C6H5S)2Hg. 

Cresols, OTH^Of = 06H4<qW*j. — There are three cresols, 

CH 

or hydroxyl derivatives of toluene, of the formula CgH^ < '. 

OH 

They are all found in coal tar, and the tars from pine and beech 
wood. When mixed together, it is difficult to separate them. 
To obtain them in pure condition, it is therefore best to make 
them from the three toluidines, or from the three sulphonic acids 
of toluene. 

Note for Student. — Give the equations representing the reactions 
involved in passing from the three toluidines to the cresols, and from 
the three toluene-sulphonic acids to the cresols. 

The cresols resemble phenol very closety. 

Creosote is a mixture of chemical compounds contained in 
wood tar. It contains the cresols. Coal-tar creosote consists 
largely of phenol. 

CH. 



Thymol, propyl-meta-cresol, doHuOf = CgHa 



;J 



OHW 

CsHtCp)' 
This phenol is contained in oil of thyme, together with cymene. 

It forms large monoclinic crystals, which melt at 50°. It has a 

pleasant odor, like that of the oil of thyme. Treated with phos- 

1 Formulas of this kind serve very well to indicate the relations of the groups and 
atoms contained in benzene derivatives. This one, for example, indicates that the 
hydroxyl is in the meta position (m) to methyl; while the- propyl is in the para 
position to methyl {p). For di-substitution products, such formulas may also 

be used. Thus, the three toluidines may be represented by QjH4<;^^* , 
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phorUB pentoxide, it yielclB meta-oresol ; whiU.', when treated 
ivitli phosphorus ijentasiilphide, it yields cymcne. These twc 
reactions indicate that the groups contained in thjmol hear tc 
c-aeb other the relations indicated by the formula given above. 
It is one of the two theoretically possible liydrosyl derivatives 
o( cynienc. The otlier one, caroacrol, lias the hydroxyl in the 
ortho position relatively to methyl. It has been made from 
the corresponding cymeiie- Bill phonic acid ; is found in nature 
in the ethereal oil of Oriijimwm. Iiirtum ; and can he made from 
carvol. or the oil of caraway. 

Di-Acii> Phenols. 
The three theoretically possible di-hydrosyl benzenes, 
C.n.<™, are ail well known. 

Pyrocatechin, \CH,oY= CH.<°-^ ) 

Ortho-di-hydroxy-benzene, > " 'V " OHii.)/' 

Tills Bulistance is a IVoquent product of the dry distJllation of 
natural substances, ^ — as of catechu, morintaimic acid, etc., — 
and of the melting of resins with caustic potash. It can be 
made by melting ortho-iodo-phenol or ortho-phenol-sulphonic 
acid with caustic potash. It forms ciyatals, which melt at 
104°. It is easily soluble iu water, alcohol, and ether. 

The dilute solution in water gives with feiTic chloride a 
dark-green color, which becomes violet on tlie addition of a 
little sodium carbonate. 



Eesorcin, i _ _ [=07! <r^^ \ 

Meta-di-hydroxy-benzene. f "^ \ °^ OH(-.) t 
Resorcin is formed by the melting of ii nuniber of resins with 
caustic potash, as of galbanum, sagai)enum, asafcetida, etc. 
It is made, also, by melting meta-iodo-pheuol or meta-benzene- 
disulphonic acid with caustic potash- 
It crystallizes from water, usually iu thick rhombic prisms 
Meltiug-ijoint, 110°. 
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With 'ferric chloride, the water solution gives a dark purple 
color. Heated for a few minutes with phthalic acid in a test- 
tube, a yellowish-red mass is formed. When this is added 
to dilute caustic soda, a wonderfully fluorescent solution is 
obtained. The explanation of this reaction will be given 
under the head of Trl-phenyl-methane, when the phthaleins 
will be described. 

Resorcin is used largely in the manufacture of certain dyes, 
and is therefore manufactured on the large scale. 

compound is formed by the action of nitric acid on resorcin, 
and on those resins which give resorcin when treated with 
caustic potash. It closely resembles picric acid. Heated 
with bromine and acetic acid, it yields the substance known 
as hrompicrin^ which has the formula C(N02)Br3. 

Hydroquinone, | OeHgO f = C H < ^^ ^ 

Para-di-hydroxy-benzene, i * 2^ e 4 O'H.ip)/' 
Hydroquinone is formed by the dry distillation of quinic acid, 
by reduction of quinone (which see) , by the action of chromic 
acid on aniline, by melting para-iodo- phenol, etc. 

It is a crystallized substance which melts at 169°; easily 
soluble ill alcohol, ether, and hot water. 

Oxidizing agents, such as ferric chloride, chlorine, etc., con- 
vert it into quinone. 



It would lead too far to discuss here the reactions which 
have been made use of for the purpose of determining to which 
series each of the three di-hydroxy-benzenes belongs. . The 
principle involved, however, is simple. Either these substances 
must be converted, directly or indirectly, into others, in regard 
to the relation of whose groups we have evidence ; or sub- 
stances, the relation of whose groups is known, must be con- 
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vertcil iuto the di-hydrosj-beuzeoes. The reactioDs made use 
of for effecting the coDvei'Bious are uiaiiily those which have 
already been studied; viz., the form»tioa of amido compounds 
ft-om nitro compounds by veduetion; the formation of diazo com- 
pounds from amido compounds; the formation of (1) hydroxyl 
derivatives, ("2) chlorine, bromine, or iodine derivatives, from 
the diazo corapounda ; and the formation of hydroxy! deriva- 
tives from sulphonic acida. 



Di-hydroxy- toluene, ( \ HO&jJ 

are three dye-stuffs, linown as archil, cnitbear, and litmus, which 
are made from different lichens by exposing them in powdered 
condition in ammouiacal solution to the action of air. They 
are treated with decomposing urine, from which the ammonia 
is obtained. Archil contains a substance called orcein, which 
can be made li'om orcin by h-eating it with ammonia. Orcin 
is contained in several lichens. It is formed, also, by melting 
aloes with canstic jiotash, and by melting chlor- toluene -sulpho- 
nic acid with caustic potash. The last reaction shows that 
orcin is a di-bydroxy-toluene. 

Orein crystallizes in lat^e, colorless, monocliaic prisms. 
Turns red in tlie air. Ferric chloride turns the aqueous 
solution deep violet. 

Treated with ammonia in moist air, it is converted into 
orcein, CVHfNO,,, a substance which dissolves in alkalies, 
forming Ijeautiful red solutions. 

Orcin is manufactured on the lai^e scale, and tlien con- 

Tted into orcein, which is used as a dye. 



^^1 



Tki-acu) Phenols, 



PjTog^ol, pi^ogaUio ''»'i-}o.H.O.[.O.H.(OHIJ. 
Tn-hydroxy-benzene, ' 

l*yrogallic acid is formed by dry distiilutiou of gallic acid, the 



1 

I 
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reaction lieiiig analogous to that bj' wliidi benzene is producal 
by distillation of benzoic acid : — 

CaHi-COsH = CjHfl + CO,; 

Beuiolc Kid. BenutDG. 

" 'Ico^ 

It is formed bIso when one of the cLlor-phenol-sulpho] 
is melted with canstic potash : — 

(™ Kon (""^ 

C,H, ] CI + J"" = C.H, ] on + KCI + K,SO, 
(S0.K J^"" (oh 

rotoBBlum dilor.phpool- PjroaanDl. 

It ci'yatallizes in lainioie or needles ; melts at 115°; is casilj 
soluble in water, ether, and aleohol. In alkaline soluljou il 
absorbs oxj-gen rapidly and beeomes brown. On account of 
this power to absorb oxygen it is nsed iu gaa analysis. It is 
poisonous. 

With a solution eoiitjiiuing a feiTons and a ferric salt it gives 
a blue color. 

Most of the plienols give color reactions witJi ferric chloi'iiiei 
and moat of them change color in the air. These changes B 
color are undoubtedly due to tlie action of oxygen upon Uifl""' 
Towards oxidizing agents tbej- are all unstable, most of tliE"' 
breaking down readily and yielding as the chief product uf 
oxidation, carbon dioxide. In general, the lai'ger the nuuilief 
of hydroxyl groups contained in a phenol the less stable itW' 
We ahall see that these same atatenoenta bold good for Hi" 
hydroxy-aeids of the benzene group, of which gallic acid m"! 
salicylic acid are examples. 

AiCOHOLS OF THE BeNZENE SeHIKS. 

The phenols are those hydroxyl derivatives of tlic benzeue 
hydrocarbons, which contain the hydroxyl in the place of OiM 
or more of the six bonaene hydrogens. But just aa there ^ 
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two classeB of halogen substitution -prod nets of tolnGoe, in one 
of which the substitution has taken place iu the benzene 
residue, and in the otiier iu tlie mai'sli-gas residue, as indicated 
in the two formulas, — 

CflHtCl.CHs and CbHj.CHjCI, 
so, also, there are two classes of hydrosjl derivatives: (1) the I 
phenote, and (2) those in which the hydroxyl is in the raarsh- 
gaa residue. The simplest example of the second class corre- 
eponds to the formula, CjHj.CHj.OH. It is isomeric with the 
cresols, CoHj.OH.CHa, and has entirely different properties. 
While the eresols ai'e the true homologues of phenol, the new 
substance is really methyl alcohol in which one of the hydrogens 
of the methyl has been replaced by phenyl, CuU,. It may 



Kthyl 



represented by the fornnda, C ^ 

1 alcohol, C \ , is at once ap[)areut. 
i-OII 



when its analogy to 



Benzyl alcohol, C,Hi,OC= CsHi.CH^OH).— Benzyl alcohol 
<i>r phenj'l earbiuol is found iu natiu-e in the balsams of Peru 
and Tolii, and in storax. In these aubstaiaees it is, for the 
most |)art, in combiuation with benzole or cinnamic acid. It is 
■nade liy treating the oil of bitter almonds, which la the corre- 
sponding aldehyde, with nascent hydrogen ; — 
^L C«IIs.CIIO + H, = CflHj.Cna.OH. 

^Rtt ta also made by replacing the chlorine in lienzyl chloride, 
CoHs-CIIiCl, by hydroxyl, just as methyl alcohol is made from 
methyl chloride by a similar replacement. In the caae of 
benzyl chloride this can be effected even by boiling for a long 
e with water : — 

^CjHj.CHjCl + lip = CflHj.CH/JH + HCl. 
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Benzvl alcohol is a liquid with a pleaeaut odor. It )x>il^ 
■2l)fi.5°. 

NuTE FOR Student. — Notice the greal difference between the bd 
ing-ijolot (if methyl alcolioi nuU pheuyl- methyl alcoliol. 

Oxidizing agents convert tbo aioohol, first, iuto tlie oil o 
bitter almonds or benzoic aldehyde, and finally into benzoic 
acid. The relations between tbe three substances are likt 
those between any primary alcohol and tbe corresponding alde- 
hyde and acid, as shown by the formulas, — 

C,II,0, C;HflO, C^HbOb, 

or C^j.Cn,On ; or CJHj.CHO ; or CsHj.CO.H. 



niyluL 



1 uldetiyae. 



Hjdriodic acid converts benzyl alcohol into toluene : - 
CuII,.CH-,OH + 2HI = C,;H..CH, + H,0 - 

Benzyl alcohol conducts itself, in moat respects, like the 
primary alcohols of the methyl alcohol series, A lai^e number 
of its derivatives have been made and studied. Among them 
are ethereal salts, of which benzyl acetate, CH3.CO.OC7II,, and 
herayl nitrate, NOa.OC;!!), may serve as examples; ethers, of 
which the methyl ether, CjHj.CHs.O.CHs, and th& phenyl etlter, 
CaHs.CHj.OCaHs, are good examples ; and substitution-products, 
of which eUor-bemyl akohol, CaHiCl.CH^II, and nitro-benssyl 
alcohol, C|iH4(N02).CHsOH, are examples. 

These substitution -products are not made by direct treatment 
of the alcohol with the substituting agents, but by starting with 
the corresponding substituted toluene. Thus, chlor-benzyl 
alcohol is made from chlor-toluene, CflH^Cl.CHj, by first con- 
verting this into clilor-benzyl chloride, CaHjCl .CHjCl, and then 
replacing tlie chlorine of tlie group CHjCl by hydroxyl. 
oxidation the substituted benzyl alcohols yield the oorreepi 
ing substituted benzoic acids : — 

CBH.Gl.CH,On -t- 0, = C,H.C1.C0JI + H/). 

CfHA NO,). CBiOR + 0» = CiH,CN0,)CO^ + J 
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Very few of the alcohols analogous to benzyl alcohol have 
been prepared. Plainly, die liomolognes may lie of two kmda ; 

1 . Those which are phenyl derivatives of the alcohols of the 
nietliyl alcohol series. Of this class, phenyl-ethyl alcohol, 
t'8Hi-Cni..CHiOH, the isomerie substance C,|Hj.CH. OH. CHa, 
and phenyl-propyl alcohol, C.Hj.CHs.CHj.CHaOH, are ex- 
amplea. Phenyl-propyl alcohol la of special interest on 
account of its connection with cinnimic acid (which see), 
which haa come into prominence since it hai l>een shown to be 
closely related to the iiiterestinf; substances of the indigo group- 
It occnra in storax in the form of in ethereal salt, which will 
be spoken of more fully under the liead of Cinnamic Acid. 

2, Those wbidi are derivatiies of vylene, meaitylene, etc., 
in the same sense as benzyl alcohol is a derivative of toluene, 
The following belong to thia clasa . — 



C^i< 



CH„ 



" CH;OH' 

^ CH.£IH 

I aldehyde found in the oil of 



CcH,<); 



Tolyl-carbinol 
Cuminyl aicohol , . 

which is made fiom comiuol, 
raway. 



ALDEtiTDEa OP THE Benzene Series. 

tThe aldehydes of this group are closely related to the alco- 

1 jnat considered. The sim[ilest one is the oil of bitter 
londB, or benzoic aldehyde, CVHsO. 



tOU of bitter almonds, j ^^„^_ CA.OHO). -Thi. rab- 
■benzoic aldehyde, ^ 

;e occurs in conibiuati<m in amygdalin, which ia found in 
r almonds, laurel leaves, cherry kernels, etc. Amygdalin 
If.ngs to the eliisa of bodies known as gl-ucosides, which break 
U|i into a glucose and other subatances. Amygdalin itself, 
.under the inHuence of emulsiii, which occurs with it i 
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plants, breaks up into benzoic aldehyde, hydrocyanic acid, and 
dextrose : — 

C2oH27NOn -f 2 H2O = QHeO + CNH + 2 CeHigOe. 

Amygdalin. Benzoic aldehyde. Dextrose. 

Benzoic aldehyde can be made : 

1 . By oxidizing benzyl alcohol : — 

CoHfi.CHgOH -1-0 = CgHs.CHO + H2O. 

2. By distilling a mixture of calcium benzoate and calciam 
formate : — 

QHfi.COiOMi 

H.!c6oMi = ^«^-^«^ + *'^^^«- 



3. By treating benzoyl chloride, the chloride of benzoic acid, 
with nascent hydrogen : — 

CoHs.COCl -h H2 = CsHg.CHO -f HCl. 

4. By treating benzal chloride with water or mercuric oxide : — 

C6H5.CHCI2 -f H2O = CeHfi.CHO -f 2 HCl. 

Note for Student. — Refer to the general methods for the prepara- 
tion of aldehydes. Which of the above reactions are used for the 
preparation of aldehydes in general? Which of the reactions throw 
light upon the nature of aldehydes, and their relation to alcohols? 

Benzoic aldehyde is prepared either from bitter almonds, 
which yield about 1.5 to 2 per cent; or from benzal chloride, 
according to reaction 4, above given. The latter method is 
employed in the artificial preparation of indigo. 

Benzoic aldehyde is a liquid having a pleasant characteristic 
odor. It boils at 179°; is difficultly soluble in water; is not 
poisonous. 

It unites with oxygen to form benzoic acid ; with hydrogen 
to form benzyl alcohol ; with hydrogen sulphide, ammonia, 
ammonium sulphide, alcohols, acids, anhydrides, and ketones. 
In short, its powers of combination with other substances are 
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almost unlimited. Hence, a very large number of derivatives 
are known. 

/ CHO 

Cuminic aldehyde, cuminol, C10H12O = CeH^ < ^ tt 

This aldehyde occurs in oil of caraway, from which it is made. 
It is a liquid with the odor of the oil of caraway. Its reactions 
are like those of benzoic aldehyde. 



Acids of the Benzene Series. 

The simplest of these acids has been referred to repeatedly. 
It is benzoic acid, which bears to benzene the same relation 
that acetic acid bears to marsh gas. It is the carboxyl deriva- 
tive of benzene. The homologous acids are the carboxyl 
derivatives of the homologous hydrocarbons. We shall find 
mono-basic, di-basic, tri-basic, and even hexa-basic acids, 
though the number of acids actually known is small. 



Monobasic Acids, CnH2n_802. 

Benzoic acid, CtHbO^C^ CeHs.OjOaH). — Benzoic acid occurs 
in gum benzoin, in the balsams of Peru and Tolu, and in 
combination with amido-acetic acid or glycine in the urine of 
herbivorous animals. It can be made in many ways, the most 
important of which are given below : — 

1 . By oxidation of benzyl alcohol or any alcohol which is a 
phenyl derivative of an alcohol of the methyl alcohol series. 
The common condition in all these alcohols is the presence of 
the difficultly oxidizable residue, CgHg, in combination with an 
easily oxidizable residue of an alcohol of the marsh-gas series : — 

CeHs.CHaOH gives CcHs.COaH; 

CeHs .CH2 .CH2OH ' ' C0R5 .CO2H ; 

Cells. CH2.CH2.CH2OH " Celli-COgH, etc. 
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2. By oxidation of benzoic aldehyde, and the aldehydes ol 
the other alcohols referred to in the preceding paragraph. 

3. By oxidation of all benzene hydrocarbons which contain 
but one residue of the marsh-gas series. Attention has already 
been called to this fact (see p. 246). 

4. By treating cyan-benzene (phenyl cyanide, benzo-nitrile) 
with a caustic alkali (see Exp. 65, p. 267) : — 

CcHsCN -f KOH -f H2O = CoHg.COgK + NHg. 

5. By treating benzene with carbonyl chloride in the presence 
of aluminium chloride : — 

CgHe -h COCI2 = CeH^.COCl -f HCl ; 

CeHfi.COCl -h H2O = CeHg.COaH + HCl. 

A reaction similar to this is of extensive application in the 
preparation of some hydrocarbons. It will be spoken of more 
fully under the head of Tri-phenyl-methane. 

6. By treating benzene with carbon dioxide in the presence 
of aluminium chloride : — 

CcHe-f C02= C6H5.CO2H. 

This and the preceding methods are of special interest from the 
scientific point of view, for the reason that they cleariy show 
the relation between benzoic acid, on the one hand, and ben- 
zene and carbonic acid, on the other. 

Note for Student. — Which of the methods above given are of 
general application for the preparation of the acids of carbon? 

Benzoic acid is prepared on the large scale: (1) from gum 
benzoin by sublimation ; (2) from the urine of horses and 
cows by treating the hippuric acid with h3^drochloric acid ; 
(3) from toluene, best, b}' converting it into benz3'l chloride, 
and oxidizing this with dilute nitric acid. 

Experiment 69. If the material is obtainable, evaporate a quantity 
of the urine of horses or cows to about one-half or one-third its vol- 



I 




Benzoic Aom. 



Add hydrochloric acid. On cooling, hlppurlc acid will be 
deposited. Recryatallize this several times from dilute nitric acid. 
Boil th? hlppnric acid for about a quarter of an jionr with ordiuar; 
conceotrated hydrochloric acid. By this means the hippuric acid is 
decomposed, yielding glyeine (anildo-acetic acid) and benzoic acid: — 



CipHjNOj + H,0 = C,HoO, + CHj < ' 



Benzoic acid forms lustrous laminje or needles, which melt 
at 121°. 

Experlmeat 70. Determine the melting-point of the benzoic 
acid wbioli you have made from hippuric acid. If it is not as 
stated above, recrystalllKC from water until the melting-point ie not 
changed by fiirtlier cry8talli7alion. Those specimens which are 
least pure can be purifled by recrystallizing them from dilute nitric 
acid. 

The acid is comparatively easily soluble in hot water, bat 
diUiciiltty soluble in cold water. It is volatile witb water 
vapor. 

ESxpertnient 71. Put some in a one-litre (laek, with about 700™ 
to 800== water. Connect with a condenser, and boil down to about 
200°°. Neutralize the distillate with ammonia, and evaporate down 
to a small volume. Acidify, when benzoic acid will be thrown 
down. 

Its vapor acts upon the mueouB membrane of I 
tor; pass ages, and causes coughing. 
It sublimes very easily. 

Experiment 72. Put some dry benzoic acid In a small, dry crys- 
talllilng dish, and put the dish in a sand-bath. Over the mouth of 
the dish put a paper cone made from iilter-paper, arranged as shown 
In Fig. l(i. Meat with a small dame. Tlie benzoic acid will be depos- 
ited on the paper in boautifid lustrous needles. 

Or another foiTu of apparatus, which is useful for subliming small 
qnantitics of snbstance, consists, essentially, of two watch-glasses 
Which are of exactly the same size. The etiges of the glasses are 
ground to secure a good joint when they are brought together. In 
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using this apparatas, put the enbatance to be sublimed In ooe of the 
glasses; stretch a round piece of filter-paper over it, and then place 
the other glnss upon it. Clamp the glasses together by meuis of a 
thin brasa clamp. Now put the glasses on a sand-bath, and warm 




gently, when the substance will slowly pass through the paper ami 
appear In crystals in the upper watch-glass. It is well to keep a small 
pad of moist filter-paper on the npper glass during the operation. 

When heated with lime, benzoic acid breaks up into benzene 
and carbon dioxide (see Exp, 55) : — 

C^HeOs = CfiH, + CO,. 

With sodium ama^am, it yields benzyl alcohol and other reduc- 
tion-])roductB. With hydriodic acid, it yielda toluene, and then 
liydrogen addition- products of toluene. 

A great many deilvatives of benzoic acid are known. 



SUBSTITUT1ON-PRODU0T8 OF HENZOIO AOtD. ^87 

Nearly all its salts are soluble id water. 
The etiiereal salts can be maxle b^J any of the general 
methods already described. 

iro tht' gfiitral methods for the prepa- 

Bxperlment 73. Dissolve 40! ben/.olc acid in 160" absolute ftleo- 
linl. Pass dry hjidrochloric acid gas mto tlie solution, keeping the 
latter cool hj sarroundlng it with water. When the solution Is 
KOCtiTated with hydrochloric acid, connect the flaak with an inverted 
condenser, and warm gently on a waler-baih for half an hour. Now 
ft<ld three or four volumes of water, when ethyl benzoate will separate 
as an oU. Wash with water and a little sodium carbonate ; and, Anally, 

Benzoyl chloride, OeEs.COOl, and bromide, CoHj.COBr, 
are made from Iteiizoie acid in the aame way that acetyl chlo- 
ride is made from acetic acid. They are more stable tliitii the 
corresponding compounds of the fatty acids, but in general 
undergo the some kinds of change. 

Benzoyl cyanide, OnHs.CO.CN, is made by distilling mer- 
curic cyanide and benzoyl chloride : — 

2 CHj.COCl + ng(CN)2 = 2 C^Hj.COCN + HgCL,. 

The cyanogen can be converted into carboxyl, and thus an 
acid of the formula CaHj.CO.CO,!! obtained. Tliis is known 
as henzoyUformie, acid. It is of interest, for tlie reason that 
one of its derivatives ia also a derivative of indigo (see 
IsatJne). 

Substitution- PrndiKts of Benzoic Add. 

Benstoie acid readily yields substitution -products when treated 

with the Iialf.^iis, nitric acid, and sulphuric acid. The products 

obtained by direct substitution belong mostly to the mota series. 

IB) when chlorine acts upon benzoic acid, tlie main product 

» ffwitt-cfefof-t'eTtaofo wAd; nitric acid gives mainly metfi-nitro- 



288 DERIVATIVES OF THE BENZENE SERIES. 

benzoic acid; and sulphuric acid gives mainly meta-sulpho-ben* 
zoic add. 

Note for Student. — Compare this with the result of the direct 
action of the same reagents on toluene. What are the first products 
of the action of nitric and sulphuric acids on toluene? 

Substituted benzoic acids can be made, also, by oxidizing 
the corresponding substituted toluenes. Thus, chlor-toluene 
gives chlor-benzoic acid ; nitro-toluene gives nitro-benzoic-acid, 

C6H4CI.CH3 gives CeH^Cl.COsH; 
C6H4(N02)CH3 " CeH4(N02)C02H. 

The three nitro-henzoic acids and the corresponding amido- 
benzoic acids may serve as examples of the mono-substitution 
products. 

Ortho-nitro-benzoic acid, CyHsNOJ = OsH* < ^q* j. 

Ortho-nitro-benzoic acid is formed, together with a large quan- 
tity of the meta acid and some of the para acid, by treating 
benzoic acid with nitric acid, by oxidizing ortho-nitro-toUiene 
with potassium permanganate, and by oxidizing ortho-nitro- 
cinnamic acid. It crystallizes in needles, melts at 147°, and 
has an intensely sweet taste. 

CO TT 
Meta-nitro-benzoic acid, OeH^ < y^J . is the chief prod- 

uct of the action of nitric acid on benzoic acid. It crystallizes 
in laminae, or plates, and melts at 140° to 141°. 

CO TT 

Para-nitro-benzoic acid, C6Ht<^J^ , is prepared best 

by oxidizing para-nitro- toluene. It crystallizes in laminae, 
melts at 238°, and is much less easily soluble in water than 
the ortlio and meta acids. 

The determination of the series to which these three acids 



Delong is effected Uy tranxforminff thorn into the amido-acids ; 
ao<l these, through the diazci compoiiDda, into the corresponding 
hydroxy-acids of the formula CjH, < 

NoTF. FOB Stcdbnt. — Give the equations rt'preBeiitijig tlic action 
involved In passing from toluene to ortho-hyilroxy-benKolc ncid (sali- 
cylic acid) by the method ahovu referred to. 

In a similar way, lines of connection cau bo established 
between the three hydroxy-acidM and the chlor-, brom-, and 
iodo-beozoic acids. 

Note fok Stiibent. — What ai'e the 

The three hydroxy -acida, on the other hand, have been made 
by inethodii which connect them directly with the three diliasic 
acids of benzene, CjH, < Q^^\y 
from the three xylenes. 




. which, hi turn, have been made 



Ortho-amido-benzoic ^"'t^- 1 q H,NO ^=CH <COi,H \ 

Anthranilic acid, j- i^^ i\^ e • NHji-W' 

Jhia acid in uiadi' by reducing ortho-nitro-bcnzoic acid with 

t and hydrocliloi'ic acid, and by boiliug indigo with caustic 

It has already been stated that indigo yields aniline. 

3 ortho-amido-benzoic acid is also obtained, and thia 

iks up easily into aniline and carbon dioxide, 

^NIL 



Ijt s«emB probable that tlie auiliue if 



icoudary product. 



.CO^ 



- Isatine is oIj- 



Isatine, ChHsNO,^= C.H,< J^">C.0H1- 
tained by the oxidation of indigo, and from ortho-amido- 
benzoic acid as follows r — 

The amido-acid is converted into the chloride, the chloride 
Into the cyanide, and this into the corresponding corboxyl 
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(loriviitive, which is the ortho-amido derivative of benzojl- 
formic acid. The ortho-amido-benzoyl-formic acid tiias ob- 
tained loses water, and is converted into isatine. The changes 
are represented by these equations : — 

Ortho-amido-bcnzoic acid. Ortho-amido-benzoyl 

chloride. 

Ortho-amido-benzoyI 
cyanide. 

(3) C<eH.<^^^f„, + 2n^ = ^•H'<N^,T + ^' 

Ortho-amido-benzoyl- 
formic acid. 

(4) C,n,<^-^^^ = C.H4<^^ >C.OH + Ufi. 

NH2(o) N 

Isatine. 

The formula given for isatine represents it as an anhy- 
dride of ortho-amido-benzoyl-formic acid, the water which is 
given off being supposed to be formed by a union of the 
two hydrogens of the amido group and an oxygen of car- 
bonyl. The formation of anhydrides of aromatic acids is 
a characteristic of oilho compounds. Neither the meta nor 
para compounds give up water. We shall find that this fact is 

illustrated in the case of the dibasic acids, the only one which 

COOH 
yields an anhydride being ortho-phthalic acid, CeH^<^^^ , 

QQ C/0(JH(o) 

which gives phthalic anhydride, CgH^ "^ nrk -^ ^* This ready 
formation of anhydrides from ortho compounds, taken together 
with the fact that the meta and para compounds do not yield 
anhydrides, has been regarded as an argument in favor of the 
view that in the ortho compounds the two substituting groups 
are actually nearer together than in the meta and para com- 
pounds. 

The relation of isatine to indigo will be discussed briefly 
under the head of Indigo. 



HIPPTJRIC , 




Meta- and Para-amido-benzoic acids are. miide from the 
toiresponding nitvo aciils by reduction. 

Hippuric acid, benzoyl-amido-acetic acid, 
CAiN03C= C^,.CONH.CH,CO,Hj. 
Hippuric acid, as has already becu seen (Exp. 69) , occurs in , 
tliB urine of berbivoroas animals, aa the cow, horse, camel, and 
sheep. Some bippuric acid is found in human urine under 
ordinary circumatanceB. If benzoic acid ia token with the ! 
food, it appears as hippuric acid in the urine, while dorivatlvi^B , 
**t benzoic acid appear as tlerivativeB of hippuriu acid. 

Hippiiric acid can be made synthetically frani benzoic acid \ 
*ncl acetic acid : 

1. By heating glycine with benzoic acid to 1G0° : — 



HIHN^ 



^ NH .CO.CflHa 



I I HOjC CO3H 

Hippuric add, 

2, By heating benzamlde with cUlor-aeetie acid : — 

_9aH..C0.NHH + „„^^> CH, = '^'^'"'^^^JJ^ > CH^ -1- HCI. 
HO2C HOoC 

Hippuric lipid, 

I 3. By licating glycine with benzoyl chloride : — 

I Hippuric acid crystollizes fi-om water in long, rhombic prisma. 

jlt ia decomposed into benzoic acid and glycine by boiling 

1 alkalies, and more readily by boiling with strong acids 



,NH.CVH,0 



+ HjO = CHj< 



co^n 



+ CaHs.COjH. 



^NOTE FOB Student, — What relation does Mppuric acid bear to 
loiamlile? What is the effect of boiling acid amides with alkalieB? 
Mte the equation for the dccompoHitlou of bonaamide, and compare 
W HaA for the decompoaltloa of hippuric acid. 
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• 

Toluic acids, GbHsOj. — There are four acids of tliis formula [ 
known ; viz. ; the three earboxyl derivatives of toluene in which 
the earboxyl takes the place of benzene hydrogen atoms, 

CH 

C6H4<p^* , and an acid obtained from toluene by replacing a 
hydrogen of the methyl by earboxyl, thus, CeH5.CH2.CO2H. 
Ortho-, meta-^ and para-toluic dcids, O^^U^K ^ ^ are made 
by oxidizing the corresponding xylenes with nitric acid : — 

CeH, < ^JJ» + 3 O = CeH, < ^^^ + H,0. 

They, as well as their derivatives, of which many are known, 
have been studied carefu%. The substituted toluic acids can 
be made either by treating the acids with strong reagents or 
by oxidizing substituted xylenes : — 

CeHaCNO,) < ^JJ^ + 3 O = CeH3(N02) < ^^"^ + H^O. 

Nitxo-xylenc. Nitro-tolulc acid. 

^Toluio acid. [0„H„0.(=0eH,.0H..00,H).-Ju8t 

Pnenyl-acetic acid, ^ 

as benzoic acid may be regarded as phenyl-formic acid, so 

a-toluic acid may be regarded as phenyl-acetic acid. It is 

obtained from mandelic acid, which is formed when amygdalin 

is treated with hydrochloric acid. It is prepared from toluene 

by converting this into benzyl chloride, from which the cyanide 

is made by boiling with potassium cyanide. The cyanide is 

then treated with an alkali, and yields the acid : — 

CeHs .CH3 + CI2 = CeHs .CH2CI + HCl ; 

Boiling toluene. Benzyl chloride. 

CeHg.CHgCl +KCN = CeHs.CHgCN + KCl; 

Benzyl cyanide. 

C6H5.CH2CN + 2II2O = CeHs . CHo . CO2H + NHs. 

a-Toluic acid. 

The acid crystallizes in thin laminae ; and melts at 76.5®., 



|.HYDKO-OINNAWIC ACID. 

Not* for Btddbnt. — Wliat would you expect a-toluii; ncld to yield 
1 oxiillzcd? (See p. B-le.) What would yoii exptct It to yield i 
when distllliid with lime? What would you expect the tliree tolulo 
s>C,H, <*^?^ , to yield hy oxldatlou, aud when distilled with lime? 
e p. 343.) 



iOxindol, 06H,NO( = C,iH.<ii„=>CO . — OxiDdol Is ob- 



Ened by reduction of isatino (see p. "28!)) ; and also from 
Hho-amido-a-toluic acid by loss of water, in the same way ! 
3iat iaatJne is formed from ortho-amido-benzoyl-formic acid. 
I When n-tolaic acid is treated with nitric add, the para- and 
Wtho-nitro aclda are formed. The latter is rednced by 
i of tin and hydroehluric acid, when oxindol is at once 
I obtainEKl ; — 

^CHs.cooii _ f.jj ^cn^^ 

Ortho-amfdo-B-toluIc aa[lt< Oxludot. 

Mesitylenic acid, C3,„o/= C„H„{J^^"\ — ITiis acid ' 

has already l>eeii referred to as the first product of oxidation 

of mesitylene. It is the only monobasic acid which has been 

^ obtained from mesitylene; and, according to the accepted 

b hypothesis, it is the only one possible. By distillation with 

^ lime, it yields meta-xyleno. 

I NoTK Pon Student. — Of ^vllllt special signiikancc \s the forniatiou 

of meta-xylenc froro mesitylenic acid? 

Hydro-oinnamio aoid |o.H.O,(= O.H.,OH..OH..OO,H>. 

Phenyl-propionic acid, I 
Flydro-eiimamic or phenyl- propionic acid is obtained by treat- 
ing cinnamie acid with nascent hydrogen : — 

C^j.CH.CH.COJI -h H* = CsHj.CHs.CHj.COjH. 
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It is also made by starting with ethyl-benzene, CflH^.CaHa, and 
using the same reactions that are necessary to transform toluene 
into a-toluic acid (see p. 292). It is a product of the deca}* 
of several animal substances, such as albumin, fibrin, brain, etc. 
It crystallizes from water, in long needles, which melt at 47°- 
It yields benzoic acid whe/i oxidized. 

Ortho-amido-hydro- 1 ^ TT ^CHa.CHa.COaH mu- -^ 
cinnamic acid, i NH2(o) 

is prepared from hydro-cinnamic acid in the same way that 
ortho-amido-a-toluic acid is made from a-toluic acid. It is 
not obtained in the free state ; but, like the ortho-amido 
derivatives of benzoyl-foi-mic and of a-toluic acids, it loses 
water, and forms the anhydride, 

Hydro-carbostsnril, CgH^ < ^^ > CO. — Hydro-carbo- 

styril is made by treating ortho-nitro-hydro-cinnamic acid with tin 
and hydrochloric acid. It is a solid which crystallizes in prisms, 
melting at 1G0°. It is interesting chiefly for the reason that it 
is closely related to the important compound quinoline (which 
see). When treated with phosphorus pentachloride, hydro- 
carbostyril is converted into di-chlor-quinoline. The signifi- 
cance of this leaction will appear later. 

Dibasic Acids, CnH2n-io04. 

The simplest acids of this group are the three phthalic acids, 
which are the di-carboxyl derivatives of benzene, belonging to 
the ortho, meta, and para series. 

Phthalic acid, \r*-cmf n tt ^COaHN ^.., ,. 

Ortho-phthalic acid. }^'^^{= OeH.<^,o^g).-Phthahc 

acid was the first of the three acids of this composition dis- 
covered; and, as it was obtained from naphthalene, it was 
named phthalic acid. In addition to its formation from 
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naphttiiileiie may he mentioned that rrom alizarin and pur- 
purin; and from ortlio-toluic aekl, '^oI'4< co'hW ^^ uxida- 
tion with potassium ijernianganatc. 

tllsperiincnt 74. Mix 4IK iiaplitlialenc and SO^ potassium chlorate, 
iiiid atld Ihia mixture gradually to 4008 ordhiary concentrated hydrc 
chloric acid. Naphthalene tetrn-chlorlde, C|oHj.Cl,, ia foj'iued in thl 
reaction. Wash with water. Gradvally add 400k ardieary concei 
trated nitric acid (sp. gr. 1.4B), and boil in a large retort with upright 
neck. When all Is dissolved, evaporate the nitric acid; and, flnallj, 
distil the residne. Phthallc anhydride passes over. Recrystallize from 
water. This will be used (or other esperimenta. 

Fhlhalic acid forms rhombic crystals, which melt at 213° or 
lower, accoi-iling to clrcumstaaces, as, when heated, it breaks 
up gradually, even below the melting-point, into water and the 
anhydride whiuh melts at 128°. Distilled with lime, it yields 
benzene ; though, by selcetiag the right proportions, benzoic 
acid can be obtained : — 



(1) 
(2) 



C8H,< 



COjH 
CO^H ' 



C„H9 + 2C02; 



CbH4<^^'[| --= CflHs.CO,H + COa. 



Phthalic acid ia decomposed by chromic acid, yielding only 
carbon dioxide and water. Hence, ortho-xylene, when treated 
with L-hromic acid, does not yield phthalic acid. By boiling 
ortho-xylene with nitric acid, however, it yields ortho-tolnic 
acid, CbII,<pq'jj(pj, and this can be oxidized to phthalic 
acid by treatment with potassium pemiangauate. 

Phthalic anhydride, 0sH,<„q>O, ia formeci l)y heat- 
mg phthalic acid. It forms long needles, which melt at 128°. 
Treated with phenold, it forms the compounds known aa phtka' 
l&na (which see) . 
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Isophthalic acid, \ r^-rr ^ CO2H . . , , 
Meta-phthalio acid. ) ^"^ < OO.H(»). '« **>'-'°«^ ^^ «^- 

cliziug either meta-xylene or meta-toluic acid with chromic 
acid ; by distilling meta-benzene-disulphonic acid with potas- 
sium cyanide, and boiling the resulting dicyanide with an 
alkali. 

Note for Student. — Write the equations representing the action 
involved in passing from meta-benzeue-dlsulphonic acid to isophthalic 
acid. Into which dihydroxy-beuzene is this same disulphonic acid 
converted by melting it with caustic potash? 

The acid is formed, further, by ti'eating meta-sulpho-benzoic 
acid with sodium formate : — 

Potassium sulpho- PotaaBlum iso- 

benzoatc. phtbalate. 

This reaction is of importance, for the reason that the same 
sulpho-benzoic acid, which is thus converted into isophthalic 
acid, can also be converted into one of the three hydroxy- 
benzoic acids ; and thus connection is established between 
the latter and isophthalic acid and meta-xylene. 

Isophthalic acid crystallizes in fine needles from water. It 
melts above 300°, and is not converted into an anhydride. 



Terephthalic acid, ^^t^.' CO2H ^ 1.4.1, v -^ 

Para-phthalio aoid.}^»^'<CO.H(p)— ^^^^ephttialic acid 

is formed by oxidation of the oil of turpentine,^ cymene, para- 
x^'lene, and para-tolnic acid ; by heating a mixture of potassium 
para-sulpho-benzoate and sodium formate : — 

Potassium para- Potassium tere- 

solpho-benzoate. phtbalate. 

1 The prefix tere is derived from the Latin terebinthinuSf turpentixie. 
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Para-sulpho-benzoic acid is converted into one of the three 
h3'droxy-benzoic acids by caustic potash. In the para as wel? 
as the meta series, the lines of connection indicated below have 
been established : — 



C6H4< 



OH 
CO«H 



C6H4< 



CO2H 
SO,H 



Y 



^««^<ch; 



V 



r ^ Sh ^ 



OH 



p TT ^ CH3 



C6H4 < QJJ 



< CeH^ < 



SO3H 
SO,H 



Terephthalic acid is a solid which is practically insoluble in 
water. It sublimes without melting and, like isophthalic acid, 
yields no anhydride. 

Hexabasic Acid. 

Mellitic acid, Ci2H60i2[= C6(C02H)6]. — This acid occurs 
in nature in the form of the aluminium salt, as the mineral 
honey-stone or mellite. The mineral is rare, and is found in 
beds of lignite. Mellitic acid has been made by direct oxida- 
tion of carbon with potassium permanganate, and by oxidation 
of hexa-methyl-benzene, C6(CH3)c. By ignition with soda-lime 
it is converted into benzene and carbon dioxide : — 

C6(C02H)e = CcHe + 6 CO^. 

Phenol -ACIDS, or Hydroxy- acids of the Benzene Series. 

It will be remembered that the alcohol acids or hydroxy- 
acids of the paraflSn series form an important class, including 
such compounds as glycolic, lactic, malic, tartaric, and citric 
acids. The peculiarity of these compounds is their double 
character. They are at the same time alcohols and acids, 
though the acid properties are more prominent than the alco- 



298 DERIVATIVES OP THE BEKZENE SERIES. 

holic. The hydroxy-acids of the benzene series bear the same 
relations to the benzene hydrocarbons that the hydroxy-acids 
already studied bear to the paraffins. The simplest are those 
which contain one hydroxyl and one carboxyl in benzene, 

OH 

having the formula QH^ < . 

MONO-HYDROXY-BENZOIC ACIDS, CjHeOg. 

Salicylic acid, }c«H.<^^ .— Salicylic 

Ortho-hydroxy-benzoic acid, ^ C02H(o)* 

acid is found in the form of an ethereal salt of methyl, in the 
oil of wintergreen, prepared from the blossoms of Gaultheria 
procumbens. It is formed in a number of waj's, among which 
the following should be specially mentioned : — 

1. By converting ortho-amido-benzoic acid into the diazo 
compound, and boiling with water. 

Note for Student. — Give the equations representing the re- 
actions. 

2. By melting ortho-sulpho-benzoic acid with caustic potash. 
Note for Student.^ Write tlie equation. 

3. By passing carbon dioxide over sodium phenolate heated 
to 180° : — 

2 C0H5 .ONa 4- CO2 = CeH4 < ^^t^ + C^sOU. 

4. By heating phenol with tetra-chlor-methane and alcoholic 
potash : — 

CfiHfi.OH-f- CCI4 -h G KOH = C6H4<^^^+4KC1 + 4HA 

5. By saponifying the methyl salicylate found in oil of 
wintergreen : — 




SALICYLIC ACID. 



^ Bxpaaiment 7B. Boil 30="^ to *0" oil of wintergrcen with nioiler' 

y strong caustic potash in a flask, counected tvlth an inverted 
denser. When it is dissolved, acidify witli hydrochloric acid, ifllter 
off the salicylic acid which separates, and rccrystallize from water. 

Bxperlinent 76. Dissolve SW sodium hydroxide and 40< phenol 
130™ TCater in a litre flask, arranged as in Fig. IT. If the mixture is 
cool, heat to 60-60'^, and remove the flarae. Sloiely add 60* cliloroform, 
shalting the mixture for several minutes after each addition. The raix- 
titre gradually becomes dark colored. An hour or more may be required 



} 




Kg. 17. 

to complete the addition of all the chloroform. When the action is ' 
over, boil for an hour, and then distil ofT the excess of chloroform o 
the water-bath. Acidify with dilute hydrochloric acid, when a thick ■ 
reddish brown oil coraos down. Distil in steam as in Exp. 67, until the 
distillate no longer appears in milky drops. A liglit-colored oil c 
slsting of salicylic aldehyde and phenol settles in the receiver. Decant 
the supernatant water. Extract with ether, and concentrate the extract 
by evaporation in a water-bath. To the concentrated extrnct add a satu- 
rated solution of mono-sodium sulphite (freshly prepared by dissolving 
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408 sodium sulphite in 75^ liot water, cooling the solution, and satu- 
rating with sulphur dioxide). Shake the mixture 8 or 10 times, 2 or 
3 minutes at a time, for half an hour ; then allow it to stand for sev- 
eral hours. The aldehyde unites with the sulphite, forming small, 
glistening, white crystals, while the phenol remains in solution in the 
ether. Filter with the aid of a pump, and wash the crystals with alcohoL 
Then treat the crystals on the water-bath with hydrochloric acid, when 
salicylic aldehyde is thrown down. Extract completely with ether, sepa- 
rate the two solutions, and evaporate the ether. 

In an iron or silver dish, melt 258 caustic potash; remove the lamp; 
and add the salicylic aldehyde drop by drop, stirring constantly. The 
potassium salt of salicylic acid is thus formed. After the mass is 
cooled, dissolve in water, and precipitate the salicylic acid with dilute 
hydrochloric acid. Filter, wash with cold water, and purify by recrys- 
tallizing from water. 

The action of chloroform on phenol in the presence of caustic 
soda is analogous to that of tetra-chlor-methane. It will be 
understood with the aid of the following equations : — 

(1) CeH, .OH + CHCI3 = CeH^ < ^^^^ + HCl ; 

<^> ^^^^ < CHCl. ^ ' ^^^^ = ^««^ < ?H (OH). + ' ^^^^ ^ 

<^> ^«^^<CH(OH). = ^««^<cSo"^^^^- 

This reaction is of general application to phenols, and affords 
a very convenient method for the preparation of the phenol- 
acids. 

Salicylic acid crystallizes from hot water in fine needles. It 
melts at 155° to 156°. 

When heated, it breaks up into phenol and carbon dioxide : — 

CeH,<^J^ = CeH,.OH + CO,. 

With ferric chloride, its aqueous solution gives a characteristic 
dark violet-blue color. P>ee salicylic acid is antiseptic, prevent- 
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_ metiL 
■Uoxi 



ing decay and fei'meQtiition. It is therefore used for prescrvi 
organic substances. 

Salicylic acid forms salts of tbe general formula CaH, < nryM' 
and, with the alkalies, compoiiuda, in which both the phenol hy- 
drogen and the ftcid hydrogen are replaced by metals, as 
C,ii,<^^ . Salts of the latter order, which contain the 

laetiils of the alkaline eai'ths, are decomposed by carbon 
Salicylic add forms ethereal salts of the general 

inla CsH,<^^ , of which methyl salicylate, C,H,<„„ j,„ , 

is the best-known example. It forms, also, ether-aeids of the 

general formula ^e^i<p(^j,\ aid) finally, compounds of the 

general formula CaH,< j;^ . 

A very lai^e number of substitution -products and other 
derlvaUvcB of salicylic acid have been studied ; but they need 
not be considered here. ' 

That salicylic acid belongs to the oitho series, follows from 
the following facts : — 

Ortho-tolaene-sulphonlc acid has been converted into ortho- 
enlpho-beiizolc acid, and this into salicylic acid. Further, the 
■ •Mme tolueue-sulphonic acid has been converted into ortho-tolnio 
Mad, which, by oxidation, yields phthalic acid. 



,CH. 

~SO,B 

Ortho-loluine-aulphonlc 



, CO,H 

" SOoH( 



''i!:^°iE.,."""°" 



■3) CJ!,<^ 
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(4) .CeH.<^H» +2H.0 = C.H,<CHa^^^j+NH.; 

Ortho-tolaie acid. 
Pfathalic add. 

Oxybenzoic acid, | ^^ ^ OH _ q^^ 

Meta-hydroxy-benzoic acid, f CO^{m)' 

acid is made from meta-amido-benzoic and meta-sulpho-benzoic 
acid by the usual reactions. 

It crystallizes from water in needles united to form wart-like 
looking masses. It gives no color with ferric chloride. Its 
connection with meta-phthalic (isophthalic) acid and meta-xylene 
is effected by means of the transformations tabulated on p. 297 ; 
that is to say, the same sulpho-benzoic acid which, by melting 
with caustic potash, yields oxybenzoic acid, by melting with 
sodium formate, yields isophthalic acid. Therefore oxybenzoic 
acid is a meta compound. 



Para-oxybenzoic acid, \ r tt <r OH p 

Para-hydroxy-benzoic acid, f COgHcp)' 

oxybenzoic acid is formed from the corresponding amido and 
sulpho-benzoic acids; by treating various resins with caustic 
potash ; from anisic acid (whieli see) , by heating with hydriodic 
acid ; by heating potassium phenolate in a current of carbon 
dioxide. 

Note for Student Notice the fact that, while sodium phenolate, 

when heated in a current of carbon dioxide, yields salicylic acid, 
potassium phenolate, under the same circumstances, yields para-oxy- 
benzoic acid. 

Its aldehyde is formed, together with salicylic aldehyde, by 
treating phenol with chloroform and caustic soda (see Exp. 76) . 
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The reaBODB for regarding pava-oxy benzoic acid as a mem- 
ber of the para aeries arc similar to those which show that 
oxjbenzoic acid is a meta compound. The same sulpho-benzoic 
acid which yields para-oxy benzoic acid, also yields terephthalic 
acid. 



Anisic acid, 

Para-methoxy -benzoic' acid, ^ 



C„H,< 



OCH, 
COM< pi 



ocu. 



acid is formed by the oxidation of auethol, C„Hj < 
phenol ether contained in anise oU. It is made by heating 
pai'a-oxy benzoic acid with caustic potash and metliyl iodide. 
Aa the formula indicates, it is the methyl ether of para-oxy- 
benzoic acid. 



Dl-HTDROXV 



Aoii 



, c,HA. 



Protooatechuic acid, C^H, ^ „q ^, is a frequent product 
of the fusion of oi^anie substancca with caustic potash. Thus, 
the foUowing substances, among others, yield it : oil of cloves, 
piperic acid, catechin, gum benzoin, asafcetida, vanillin, etc. 
It is made from sulpho-oxy benzoic acid, and from eulpho-para- 
oxyljeuzoic acids by fusing with caustic potash. 

Note for Stddbnt. — What analogy is there between the lliet that 
protocatechuic aciii ia Formcci from siilpho-osy ben zoic acid and from 
suIpbo-parHrOxybenzolc acid, and the fact that paeudocumene Is formed 
from brom-meta-sjlene and fi'om brom-para-xylene? What coaclnalon 
may be drawn regarding the relations of the two hydroxyl groups, and 
the carbosyl in protocatechulc acid? 

By distillation with lime, protoeatechuic acid breaks up into 
pyrocatechin and carbon dioxide : — 
rOH 
C.H. OH -C.H.{™ 
(.CO,H '"" 



-CO,. 



I 
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fOCHs 

VaniUio acid, CeHg i OH , is formed by oxidation of 

vanillin, which is the corresponding aldehyde. It is the mono- 
methyl ether of protocatechuic acid. 

Vanillin, C«H803(= CeHsjoH j, occurs in nature, as a 

^ I CHO ^ 

crystalline coating, on the fruit of the vanilla. It is made 

artificially by treating the ether, CeH4<^^^^j, with chloroform 

and caustic soda. 

Tri-hydroxy-benzoic Acids, 0711^05. 

Gallic acid, CTHeOgf ^CeHzj^Q^j. — Gallic acid occurs 

in sumach, in Chinese tea, and in many other plants. It is 
formed by boiling tannin or tannic acid with sulphuric acid ; by 
melting brom-protocatechuic acid with caustic potash : — 

rBr 
CeHJ (0H)2 + KOH = CoHJ ^2' + ^^''• 
(.CO2H ^^^^ 

Brom-protocatecbuic Oallic acid, 

acid. 

It is best prepared from gall nuts by fermentation of the 
tannin contained in them. 

Gallic acid is easily soluble in water. Its solution gives, 
with a little ferric chloride, a blue-black precipitate, which 
dissolves in excess of ferric chloride, forming a dark green 
solution. It readily reduces metallic salts in solution. When 
heated, it yields pyrogallol (pyrogallic acid) and carbon di- 
oxide * •""" 

CcH^ I ^^' = C6H3(OH)3 + CO2. 

Tannic acid, tannin, C14H10O9. — This substance occurs 
in gall nuts, from which it is extracted in large quantities. It 
is an amorphous powder. It is markedly astringent in its action 
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on the mucous membranes. It is soluble in water, the solution 
giving, with ferric chloride, a dark blue-black color. Tannin is 
used extensively in medicine, in dyeing, and in the manufacture 
of ink. Its relation to gallic acid is indicated by the following 

2 CjHeOs = CnHjoOg + H2O. 

Oallic acid. Tannin. 

Ketones and allied Derivatives op the Benzene Series. 

The ketones of the benzene series are strictly analogous to 
those of the paraffin series, and they are made in the same way. 
Acetone is made by distilling calcium acetate : — 



CH3.COJO p 

CHgj CO O 



= ^2«>CO + CaC03. 

Acetone. 



So, also, benzophenone or diphenyl-ketone is made by distill- 
ing calcium benzoate : — 



CeH,.CO]0 .. 
CeH,rCOO ^ 



Benzophenone. 

Further, by distilling mixtures of the salts of two fatty acids, 
mixed ketones are obtained : — 

CH3.COlOMi ^ CH3 ^^^^ ^^^ 
C2H5.ICOOMI C2H5 

° '- -' Ethyl-methyl 

ketone. 

And, similarly, mixed ketones containing one residue of a 
benzene hydrocarbon and one of a paraffin ; or, two different 
residues of benzene hj'drocarbons can be obtained thus : — 

^^^ CH, .COOM - CH3 > ^^ + ^'^^' ' 

Phenyl-methyl ketone, 
Acetophenone. 

C«Hj.C(X)M p„ 

(2) „ „ ^ CH3 = J:V > CO + M,CO.. 

Phenyl-tolyl-ketone. 

The individual ketones need not be considered. 
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QuiNONES. 

The quinones are peculiar bodies which in some ways are 
allied to the ketones. The simplest example of the class, and 
the one best known, is called quinone. Its formula is CflH402, 
and it therefore appears to be benzene in which two hydrogen 
atoms are replaced by two oxygen atoms. All quinones bear 
this relation to the hydrocarbons, of which they may be regarded 
as derivatives. 

Quinone, CeH^Oa, is formed by the oxidation of quinic acid, 
hydroquinone, para-diamido-benzene, and some other benzene 
derivatives in which two substituting groups occupy the para 
position relatively to each other. 

It forms long, yellow prisms ; sublimes in golden-yellow 
needles. 

Ilydriodic acid reduces quinone to hydroquinone : — 

CeHA + 2 HI = C6H,(OH)2 +21. 

The easy transformation of hydroquinone into quinone, and 
the opposite transformation of quinone into hydroquinone, as 
well as the formation of quinone from other para compounds, 
force us to the conclusion that the oxygen atoms in quinone 
are in the para position relatively to each other. Quinone 
appears, therefore, as a substance containing two carbonyl 
groups which are united by means of hydi*ocarbon residues, 
as indicated in the foimula, — 

O 

/~ir\ HC CH 

C2Hi,<^X>C2Hj or I 1 



CO HC. .CH 

C 
O 



\c/ 



A substance of this kind may be called a di-ketone, and may 
be regarded as derived from a dibasic acid in the same way that 
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a simple ketone is derived from a monobasic acid. Thus, the 

POOH 

calcium salt of an acid of the formula C2H2 < ^^^tt ought, ac- 
cording to this view, to yield quiuone by distillation : — 

iJ?P_9_„„J CO 

~- — , = C2H2 < |-i|-^ > C2H2 -f- 2 CaC03. 

Several quinones have been studied. Under the head of 
Anthracene, we shaU meet with an important one called anthra- 
quinone^ which has been made by such reactions as prove it to 
be a di-ketone in the sense in which this expression is explained 
above. 

Pyridine Bases, CnHgn.gN. 

In the manufacture of bone-black, bones are subjected to dry 
distillation, when an oil passes over which is known as boiie oil. 
This oil is a complex mixture of substances^ several of which 
have, however, been isolated. Among the pure substances 
which have been obtained from bone oil may be mentioned 
pyridine, picoline, lutidine, and coUidine. All these compounds 
contain nitrogen ; and, starting, with pyridine, they form an 
homologous series: — 

Pyridine C5H5N. 

Picoline CgHyN. 

Lutidine C7H9N. 

Collidine CgHuN. 

Pyridine, G5H5N. — Besides being formed in the distillation 
of bones, pyridine has recently been made in several ways, 
some of which enable us to form a conception in regard to 
its relations to other substances which have been studied. 
Great interest in the substance and its derivatives has beea 
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aroused by the observation that several of the alkaloids which 
occur in nature, such as quinine, cinchonine, nicotine, etc., 
when oxidized, yield acids containing nitrogen, which bear to 
pyridine the same relations that benzoic, phthalic acids, etc., 
bear to benzene. Thus, by oxidizing nicotine, nicotinic acid is 
obtained. This has the formula CeHgNOg ; and, when distilled 
with lime, it breaks up into p3'ridine and carbon dioxide : — 

C6H5NO2 = C5H5N + CO2. 

Nicotinic acid. Pyridine. 

This naturally leads to the conclusion that nicotinic acid is 
pyridine-carbonic acid, C5H4N.CO2H, which bears to pyridine 
the same relation that benzoic acid bears to benzene, acetic 
acid to marsh gas, etc. 

Pyridine is formed : — 

1 . By treating iso-amyl nitrate with phosphorus pentoxide : — 

C^Hu.NOa = C5H5N + 3H2O. 

2. By conducting acetylene and hydrocyanic acid together 
through a tube heated to redness : — 

2 C2H2 + HCN = C5H5N. 

It is a liquid with a peculiar, sharp, characteristic odor. It 
boils at 116.7^ 

It unites with acids forming salts. 

It has been suggested that pyridine is related to benzene •, 
and that it should be regarded as the hydrocarbon in which one 
of the six CH groups is replaced by a nitrogen atom, as repre- 
sented in the formulas 

H H 

I I and I I 

HCv /CH HCv yCH 

^C N^ 

H 



This view has suggested various lines of inveatigfttion. Thus, 
if the altove formula reaUy representB the relations between 
benzene and pyridine, it is clear that the existence of three 
isomeric mono-snbBtitution products of pyridine ought to be 
possible. Thus, there should be three methyl-pyridiues or 
picolinee, throe pyridine -carbonic acids, etc. The three pico- 
lines should correspond to the formulas 



H 



H 



CH, 



I 



I 

yCH 



All three picolines are known; and, by oxidation, they are 
converted into the three pyridine-carhonic acids, CjIIiN.COjH ; 
and thette, when distilled with lime, yield pyridine and carbon 
dioxide. 

The pyridine liases unite with two, four, or six atonw of 
hydrogen. The addition-products tlius formed are believed 
to exist in the alkaloids. 

Piperidine, OjHuN, a base found in piperine, a constituent 
of pepper, has been shown to be hexa-hydvo-pyridiue. 

Nicotine is probably of similar structure. 

Valuable results may be expected from the further investiga- 
tion of pyridine and its derivatives. 

Terpeneb, CaHu- 

In natnre, particularly in the coiiifei-oua plants, occur several 

isomeric hydrocarbons, which are known by the common name 

te)-pene. These substances are very susceptible to the action 

I reagents, and hence undergo many changes. One of the 

t common chaugea is polymerisation. Thus, when a terpene 

Mteid ill a sealed tube, or is shaken with concentrated sul- 
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phuric acid, or with boron fluoride and other substances, it is 
converted into polymeric modifications of the formulas CjsHm 
and C20H32. The terpenes unite with hydrochloric and hydro- 
bromic acids, forming compounds, CjoHie.HCl and C1OH10.2 HCL 

Oil of turpentine, terebenthene, OioHie. — This oil is 
obtained by distilling turpentine, a resinous substance which 
exudes from incisions in the bark of various species of the 
pine, larch, fir, etc., especially the pine. The oil consists 
largely of a hydrocarbon, CioHig. The oils obtained from dif- 
ferent species of trees differ somewhat in their properties. 

Among the more interesting chemical transformations of oil 
of turpentine, the following may be mentioned : It absorbs 
oxygen from the air ; dilute nitric acid oxidizes it readily, con- 
verting it into acetic, propionic, butyric, oxalic, para-toluic, 
terephthalic acids and some other acids ; bromine and iodine 
convert it into cymene. 

Oil of turpentine is used in the manufacture of varnishes on 
account of its solvent power for resins. It is also used in 
medicine. 

The reactions above enumerated indicate clearly that there 
is a close relation between cymene and oil of turpentine. This 
is shown by the fact that it is so readily converted into cymene, 
and that it yields para-toluic and terephthalic acids by oxida- 
tion. It has therefore been suggested that oil of turpentine is 
a hydrogen addition-product of cymene, of the formula 



GH 



8 



CH HC^ ^CH, 

C3H7 

Our knowledge concerning the isomerism of the terpenes is 
as yet incomplete, though of late much light has been thrown 



CAMPHOR.' 



Upon this cbftptcr of chemislry, and we inny contidently luok 
(ur furtiiei' iaterestiug results. 



JC,„H„,.HC1.- 



Terpene hydrochloride, ^ 

Artificial camphor, 
acid gns is conducted into oil of turpGiitino, a curious Bolid I 
koown as artifieiai camphor is formed. It looks like ordinaiy ] 

camphor, and has a very similar odor. Wheu heated alone, or 
with bases, it gives off hydrocliloriy a.cid, and a. tei'pcne different 
from the oil of turpcutiue ia formed. 

CAMrnoR. 

Borneo!, Borneo camphor, 0i^i«O. — Borneo camphor 

is a substance found in cavities iu a tree i^Dryobtdanops cam- 

phora) which grows in Borneo, Suinatia, etc. It can be made 

by treating ordinary camphor with sodium : — 

■ 2 CioH,„0 + 2 Na = C„J^I„ONa + C,„H,50Na. 




^^ The relation between the two kinds of camphor is shown better 
by the equation ; — 

C,.n,„0 + IL = CioHaO. 

Ilrdlniiry Bornool. 

Camphor, laurinol, Ci„HibO — This is the substance ordi- 
narily called camphor. It is obtained iu China and Jajjan from 
different species of the genus camphora of the laiirus family, by 
distilling the finely-cut wood with water vapor. It is purified 
by enblimation. 

Camphor forms hexagonal crystals ; melts at 175°, and boils 
at 204°. It is only slightly soluble in water ; easily soluble in 
alcohol. 

Boiled with iodine, hydriodic acid gas is given ofl" and cymene 



I 
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is formed. Phosphorus pentoxlde decomposes camphor mto 
cymene and water : — 

C^ioHigO = C10H14 + H20. 

Camphor. Cymene. 

The same decomposition is effected by heating camphor with 
concentrated hydrochloric acid to 170°. It will be seen that, 
as far as the composition is concerned, the difference between 
a terpene and camphor is one atom of oxygen : — 

Terpene. Camphor. 

The relation between the substances is undoubtedly a close 
one, as is shown by the formation of cymene from both. It is 
stated that a substance closely resembling camphor has been 
made by oxidizing the terpene known as camphene, which is 
formed by shaking oil of turpentine with sulphuric acid. 



CHAPTER XVI. 

DI-PHBNYL-MBTHANB, TRI-PHBNYL-MBTHANB, 
TBTRA-PHBNYL-MBTHANB, AND THBIR 

DBRIVATIVES. 

A3 we have seen, toluene may be regarded either as meth}'!- 
b«9nzene or phenyl-methane. Of course, according to all that 
is known regarding similar substances, the two views are identi- 
cal. Regarding it, for our present purpose, as phenyl-methane, 

H 
This suggests the possibility of the existence of such sub- 
stances as 

H ' 
H 

CfiHg 
CeHs 
H 

CeHs 

- CcHg 

All these hydrocarbons are known, and the derivatives of 
tri-phenyl-metbane are of special interest and importance. 
There is one reaction by means of which these hydrocarboua 



Di-phenyl-methane C ^ 



Tri-phenyl-methane ... . . . C 



1 



and Tetra-phenyl-methane C ^ 
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can be made very readily. It has also been used for the synthe- 
sis of many other hydrocarbons. It depends upon the remark- 
able fact that, when a hydrocarbon is brought together with 
a compound containing chlorine, and aluminium chloride then 
added, hydrochloric acid is evolved, and union of the two 
substances is effected, the aluminium chloride not entering into 
the composition of the product. Thus, when benzene and 
benzyl chloride, CeHg.CHaCl, are brought together under ordi- 
nary circumstances, no action takes place ; but, if some solid 
aluminium cliloride is added, reaction takes place according 
to the following equation : — 

C6H5.CH2CI -j- CgHg = CgHg .CH.2 .CgHg + HCI9 

Di-pbenyl-methane. 

and di-phenyl-methane is formed. 

Similarl}^ when chloroform and benzene are brought together 
in the presence of aluminium chloride, tri-phenyl-methane is 
formed according to this equation : — 

CHCI3 + 3 CgHe = CH(C6H5)8 + 3 HCl. 

Tri-phenyl-metbane. 

Another method by which these hydrocarbons can be made, 
consists in heating a chloride and a hydrocarbon together in the 
presence of zinc dust. Thus, benzyl chloride and benzene give 
di-phenyl-methane when boiled with zinc dust; and benzal 
chloride, CeHg.CHCL, and benzene give tri-phenyl-methane: — 

CeH^.CHCl^ + 2 CgHe = CH(C6H5)3 + 2 HCl. 
Only tri-phenyl-methane will be taken up here. 

Tri-phenyl-methane, Ci9Hi6[=CH(C6H5)3]. — This hydro- 
carbon can be made, as above described, from benzal chlo- 
ride and benzene, and from chloroform and benzene. It 
can also be made from benzal chloride and mercury diphenyl, 
Hg(C6H5)2:- 

CeH^.CHCla + HgCCeHs)^ = CH(CeH5)3 + HgCU- 
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It fonuB lustrous, thin laminic, whidi melt at 92°. It ia 
IBBoluble in water ; easily soluble in ether and chloroform. It 
rystallized best from alc-ohol. 
Towartla reagents it ia very stable. Thus, ordinary t 
ra.t£d sulphuric aoid does not act upon it. 
Oxidizing agents convert it into tri-phenyl-carbinol, c 

oh' 

That the oxidation-pro<lm!t is really tri-phenyl-carbinol appeartr 
■obable, from the fact that whenever aromatic hydrocarbons 
KWhich contain paraffin residues are oxidized, the paraffin resi- 
D^Des are first attacked, while, as a rule, the benzene residue 

^nacteil upon. 



[ C.9Hu(NO,),[=CH(CoH,NOJj] 



Trinitro - triphenyl 
methane, 

med by ti-cating tfi-phenyl-me thane with nitric acid ; and 
|so by treating a mixture of nitro-benzene and chlorofoi-m 
rith aluminium chloride ; - — 

CHClg + 3C„Hs.N0, = CH(C6H,.N0^}a+ 3 HCl. 
s reaction shows that in the tri-nitro product one nitro gi-oup 
f. 1b contained iu each benzene residue. 

Trianudo-triphenyl-methane , p ara-leucaniline , 

C.6E,3(NH,i„[- CH[CoH..NH,),]. 
The tri-amido compound is made by redui^tion of the tri-nitro 
compound, and also by reduction of para-rosaniline. It ia 
L.eonverted into ])ara-roBariiline by oxidation. 

Aniline I>y1':s. 

The well-known substances included under the head of Ani- 
; Dyes are more or leas simple derivatives of the two 
ids called rosaniline and para-rosaniline. 
a mixtures of aniline and tolnidine are heated together 
ntb different oxidizing agents, such as arsenic acid, stannic 
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chloride, mercuric chloride, etc., several substances are formed, 
the principal of which are the two above named. Para-rosani- 
line, CiijHiyNa^s formed from para-toluidine and aniline^ accord- 
ing to the equation, — 

2 CeH^N 4- CyHyN + 30 = Ci^HiaNsO + 2 HgO. 

Aniline. Toluidine. Pura-roBaniline. 

Rosaniline, CaoH^iNjO, is formed in a similar way : — 
CsH,N + 2 C,H^ +30 = CaiHsiNsO + 2 HjO. 

Aniline. Toluidine. Rosaniline. 

The composition and modes of formation of the two sub- 
stances show that rosaniline is a homologue of para-rosaniline, 
the relation between the two substances being represented b^ 
the formulas C19H19N3O and Ci9H,8(CH8)N80. 

By treating para-rosaniline with a reducing agent, it is con- 
verted into para-leucaniline, which has been shown to be tri- 
amido-triphenyl-methane : — 



I f CeH4 . NH2, 

C19H19N3O + H2 = C19H19N3 *= C -s p -J ^p. 

Para-roaani. Para-leuc^ I ^e^4'-^^«l 

line. aniline. 



r i^' 

^ ^H 



-^HjjO. 



We see thus that para-rosaniline and rosaniline, which are 
the fundamental compounds of the group of aniline dyes, are 
derivatives of the hydrocarbon tri-phenyl-methane. 

Para-rosaniline, C19H17N36 — The formation of this sub- 
stance by oxidation of para-leucaniline and of a mixture of 
toluidine and aniline was mentioned above. The relation 
between para-rosaniline and para-leucaniline is probably ex- 
pressed by the following formulas : — 



fCeH, 
CH ] CeH, CH 



'i"i 



CeH^.NHj 

CgHi . NH2 C(OH) 
[ C0H4 . NHj 






Tri-phenyl- Para-leucaniline. Triamido-triphenyl-carbinol, 

methane. or Para-rosaniliQC. 



3 




BOS aniline:. 

Bosaniline, CjuHnNjO. — This is the principal constituenfl 
' of commeiciul fuchsiiie. It is formed by oxidizing a mixture ot<% 
aniliue and toluidine : — 

CaH,N + 2 CVHi,N + 30 = C^iHaN^O + 2 HjO. 

Experiment 77> In a drj test-tube put a little dry ineruuric clilo-l 
ride aud a few drops of commurclal aniline. Heat ovur a small flame, f 
Dissolve tbe product In atcotiol, with the addition of a little hydro 
chiorlu or acetic acid. The beautiful color of the solution is dae tOiJ 
the preseuce of the hydrochloride or acetate of rosanlUne. 

On the large scale, the oxidizing ageut used ia arsenic acid, i 
u to remove all areenic acid from the product, but) 
B nevertheless sometimes found in the products obtained in f 

e market- Rosaniline crystallizes ia aeedlcs or plates. It i 
Bery slightly soluble in water ; more readily soluble in alcohol. 
It forms three series of salts with monobasic acids. With hydro- 
chloric acid it forma the salts CaiHiaNj.HCI-flnd Ca,niBNj,3HCl. 
The former is tbe substance known as fuchsine, though some of 
the fiichaine met with in the market is the acetate of roaaniline, 
CajHijNj.CjHjOs. The formation of tbe salU of rosaniline takes 
place aa represented in the following equation : — 

r c„H, . Nn, 

C(OH}(CeH4.NH,)3 + HC! = C CoH^.NH.. 

P»n..ro«»lline. I [CflH,.NlI.HCl 



Fnclisine ami the other salts of rosaniline dye wool and silk I 
directly. For dyeing cotton cloth, however, a mordant is 

Dyeing. Animal fibres, in general, are colored directly by I 
dyes ; that is to say, they have the power of forming with the ] 
dyes stable compounds which adhere to the fibrea. This i 
true of vegetable fdires, as cotton cloth and linen. Hence, in I 
order to dye the latter, something must be added of such a 
character that, with the dye, it forms a compound which adheres 
to the Abres. Substances which act in this way are called 
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mordants. Among the substances used as mordants are alu- 
minium acetate, feme acetate, and some salts of tin. 

Experiment 78. Make a dilute solation of picric acid by dissolv- 
ing 2K to 3? in 200CC to SOO^c water. In a portion of it suspend a few 
pieces of white yarn or flannel. The woollen material will be strongly 
dyed yellow. In another portion suspend a piece of ordinary cotton 
cloth. And in a third portion introduce a piece of cotton cloth which 
has been soaked in aluminium acetate and afterwards partly dried. 
The aluminium acetate can be made by treating a solution of sugar 
of lead with enough of a solution of alum to precipitate the lead, and 
then filteiing off the lead sulphate. The unprepared cotton cloth, 
when removed from the picric acid solution and washed, will be found 
to be only slightly colored ; whereas, that piece which was soaked in 
the mordant will be found to be strongly dyed. Similar experiments 
may be made with f uchsine. 

Among the simpler aniline dyes are the following : — 

Hofmann's Violet. This is either the hydrochloric acid or 
acetic acid salt of tri-methyl-rosaniline. It is made by heating 
together a salt of rosaniline, methyl iodide, methyl alcohol, and 
caustic potash. 

Iodine Green is the iodide of penta-methyl-rosaniline. 

Aniline Blue is tri-phenyl-rosaniline, C2oHig(C6H5)8N3, which is 
formed by heating salts of rosaniline with an excess of aniline. 

Phthaleins. 

In speaking of phthalic anhydride, it was stated that when 
this substance is treated with phenols, phthaleins are formed ; 
and, in speaking of resorcin, a markedly fluorescent body was 
mentioned as being formed when phthalic acid and resorcin are 
heated together. 

Phenol-phthalein, C.20H14O4. — This substance is formed by 
treating a mixture of phenol and phthalic anyhdride with sul* 
phuric acid or some other dehydrating agent : — 

2 CeHeO -f CgHA = C^oH, A + H^O. 

Phenol. Phthalic Phenol- 

anhydride. phthaiel'u. 
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The fused mass is dissolved in caustic soda, and the phenol- 
phthalein precipitated by the addition of an acid. It forms a 
granular crystalline powder. Its solution in alkalies is red or 
violet, according to the thickness of the la3'er. Acids destroy 
the color. Hence it is used as an indicator in alkalimetry as a 
substitute for litmus. 

Phenol-phthalein, like rosaniline, is a derivative of tri-phenyl- 
me thane, as has been shown by the following somewhat compli- 
cated reactions : — 

The chloride of phthalic acid, or phthalyl chloride, C8H4O2CI2, 
when treated with benzene in the presence of aluminium chloride, 
gives up its two atoms of chlorine, and in their place takes up 
two phenyl gi'oups, thus : — 

CsHACla -f 2 CeHe = CgHACCeHs)^ -f 2 HCl. 

Fbtbalyl chloride. Diphenyl-phthalide. 

The substance thus formed is known as diphenyl-phthalide. 
Its conduct towards water and bases is such as to show that it 
is the anhydride of an acid : — 



C8H402(C(jH5)2 + H2O = C8H603( 06115)2 

C02H 

((^6^5)2 



or C7H5O I 



When this acid is reduced by means of zinc dust it loses 
oxygen : — 

And, finally, when the last product is distilled with baryta, it 
loses carbon dioxide and yields tri-phenyl-methane : — 

<^^4?™ =chJc;h;+co2. 



We have thus passed from phthalic anhydride to tri-phenyl- 



3^0 



di-pheKyl-me'thane, etc. 



methane, and the reactions just referred to are in all probability 
correctly represented by the following formulas and equations : — 



C 



C6H4.CO 

O 1 



+ H2O = c ^ 



Diphenvl-phtbalide, or an. 
hydride of triphenyl-car- 
binol^carbonic acid. 

CgH^ . CO2H 
OH 



CflHft 

Cflji4 .C02H. 
OH 

Tripbenyl-carbinol- 
carbonic acid. 



c 



= c 



CeH., 

Cexi4 . COgH 
H 



Triphenyl-methane- 
carbonic acid. 



c 



QH5 

1 C6H4.CO2H 



= C 



CgHg 



+ CO,. 



C 



OftHi 
H 

Tri-phenyl-metbane. 

Now, by making dinitro-diphenyl-phthalide, reducing it, and 
boiling the diazo compound with water, the product is phenol- 
phthalein. Hence, the latter compound appears to be the di- 
hydroxy derivative of diphenyl-phthalide : — 

CflHa r C6H4 . NH2 r C6H4 .OH 

QHg qJ C6H4.NH2 Q C6H4.OH 

C6H4.CO 1 C6H4.CO I CeH4.CO' 

O 1 U 1 U 1 

Phenol-phthaleYn. 

The formula for pheuol-phthalein may also be written thus : — 

C6H4 OH (^ C6H4 ^Q 
C6H4.OH O ' 

the curious arrangement of the carbonyl group being simply the 
sign of the anhydride condition between carboxyl and hydroxyl, 
of which the simplest expression is 

^<COOH = ^<io+«^- 
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Note for Student. — Although the reactions above briefly de- 
scribed may at first sight appear to be difficult to comprehend, they 
are in reality simple enough. The student is earnestly recommended 
not to slight them on account of the long names and complex formulas 
involved. They afford an excellent example of the methods upon 
which we rely for determining the nature of complex substances. 
Notice that all appears dark until the well-linown substance tri-phenyl- 
methane is obtained, which suggests that all the substances are deriva- 
tives of this fundamental hydrocarbon; and how easily, when this 
conception has once been formed, the interpretation of all the reactions 
follows. 

Among the other phthaleins which deserve special mention is 
that which is formed with resorcin. 



Fluorescein, resoroin-phthalein, C20H12O5. — This beau- 
tiful substance is formed by simply heating together resorcin 
and phthalic anhydride : — 

2 CeH4(OH)2 + CgHA = C^oH^O^ + 2 H^O. 

$ 

Its solutions in alkalies are wonderfully fluorescent. The sub- 
stance, which is sold under the name " uranin" for the purpose 
of exhibiting the phenomenon of fluorescence, is an alkaline salt 
of fluorescein. 

The reaction which takes place between resorcin and phthalic 
anhydride, when fluorescein is formed, is of the same kind as 
that which takes place between phenol and the anhydride to 
form phenol-phthalein. We should therefore expect to find that 
fluorescein has the formula — 



C -i CgHj -j 
CsH^.CO 
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which shows its analogy to phenol-phthalein, 

rC6H4.0H 
CeH^.OH 



^5 



It is found, however, that in reality fluorescein corresponds to 
the above formula less one molecule of water ; and it is believed 
that the water is given off as represented thus : — 



C 



QHg 
CeHg 




= C30H12O5. 



FluoresceVn. 



Eosin, tetra-brom-fluorescein, 02QH8Br4O5, is formed by 
treating fluorescein with bromine. Its dilute solutions have an 
exquisite, delicate pink color which suggests a color often seen 
in the sky at the dawn of day. Hence the name eosin, from 
^a>s, dawn. It is fluorescent, and is used as a dye. 



CHAPTER XVII. 



DBOCARBONS. CnHjn-s, AND DERIVATIVES. 



Tub liyilroearboiis thus tur coiiHi'lci'ixl are of three elassed. 
Tliey are: (I) parafflns, ov saturated hydrocarbons of the I 
marah-gas aeriea; (2) unsaturated liydrocarbous related to J 
the paraffins ; and (3) hydrocarljons which contain rusidues ] 
of the saturated paraffins and of benzene. 

We now pass to a brief consideration of a hydrocarbon which ] 
is made up of a residue of beuzene and of an unsaturated par- 
affin. It beai-s to ethylene the same relation that toluene bears 
to marsh gas ; tliat is to say, it is phenyl -ethylene. 

Styrene, phenyl-ethylene, 03h(= C^i.CH.CHj). — This^J 

hydrocarl>on is contained in liquid storax. — a fragrant, honey- 
like substance which exudes from various plants, as the liquid- 
amber. It is fonued by distilling cinnaniic acid with lime : — 

CflHA = CaHe + CO5. 
Note for Student. — What does this reaction suggest with regard 1 
to the relation between clunamic atlcl and alyrene? 

It is also formed from phenyl-e thane, CoHj.CjHj, in the same 
fu,j that ethylene is fonued from ethane : — 
I ( C,Hb -H Bro = CsHjBr + HBr 

I I CiftBr + KOH = CaH. -I- KBr -|- HjO ' 

CgHs.CaHs -t- Br, = CsH^.CjH^Br -t- HBr; 
Cai,.C,H^Br -I- KOH =; C.Hj.CijHa + KBr + H,0. 
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Its formation by heating acetylene was mentioned on p. 

223 : 

4 C2H2 = CgHs. 

Note for Student. — What other polymeric product is obtained 
by heating acetylene? 

Styrene is a liquid of an aromatic odor ; boils at 144° to 
144.5°; insoluble in water; miscible with ether and alcohol in 
all proportions. 

When heated alone up to 300°, or even when allowed to stand 
at ordinary temperatures, it is converted into a polymeric modi- 
fication, csiYLedmeta-styrene, which is a solid. This same change 
is readily effected by several reagents, such as iodine and con- 
centrated sulphuric acid. Styrene unites directly with chlorine 
and bromine in the same way that eth^^lene does (see p. 212) : — 

C6H5.C2H3 + Br2 = C6H5.C2H8Br2. 

Chromic acid and other oxidizing agents convert styrene into 
benzoic acid (see remarks, p. 246). Some higher members of 
this series have been prepared, such as phenyl-propylene, phenyl- 
butylene^ etc. ; but at present they are not of sufficient import- 
ance to make their consideration necessary. 

Styrene is closely related to cinnamic acid, from which the 
interesting and important compounds of the indigo group are 
obtained. 

Styryl alcohol, OgHioOC^ OeHs.OH.OH .CH2OH).— This 

alcohol occurs in nature in the form of an ethereal salt of cin- 
namic acid in liquid storax, and also in balsam of Peru. It 
forms long, thin needles, which melt at 33°. It boils at 
250°. It takes up hydrogen, and yields phenyl-propyl alcohol, 
CfiHa .CH2 .CH2 .CH2OH (see p. 281) : — 

CgHj.CH .CH .CH2OH -f- H2 = CgHs •CH2.CH2 .CH2OH. 

By treatment with hydriodic acid it yields allyl-benzene 
(phenyl-propylene), Cj3L5.CH.CH.CH3, and toluene. 
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Wlicn oxifliKcd with platinum black it is converted info the 
corresponding sildehyde, cinuamic aldehyde ; and, by further 
oxidation, into cinnamio acid. The relations between the three 
snbstaDces are the familiar ones of a primary alcohol, and the 
corres [too cling aldehyde and acid : — 

CsHj, -CH .CH .CHjOH. C^, .CH .CH .CHO. 

Siytyl aleohul. C'lnnamic aldefajda. 

Ci^a.CH.CH.CO^. 

Clnaninic aj:M. 

These compounds are simply the phenyl deriiatives of allyl 
alcohol, acrolein, and acrylic acid : — 

CHj.CH .CHO. CH,.CH.COjH. 

Ai^mluVd or Acrylic add. 

ucryllu aldbbydo. 

Cinnamio acid, lojI.O,(-. O.H..OH.OH.OO,H). 

Phenyl-acrylio acid, ' 
Cinnamic acid is found in liquid storax, portly in tlie free con- 
dition, and partly in the form of an ethereal salt in combinatjon 
with styryl alcohjt, as styryl oinnamttte, in the balsams of Tohi 
and Peru. It can be made synthetically; — 

1 . By heating together benzoic aldehyde and acetyl chloride; — 

Calls .con + cn,,.coci = c„ii,.c,h-,.co,h + nci. 

This reaction will be better understood by writing it in two 
[nations : — 

(1) C^B.CH;Oi + CJH^iH.COCl= CaH^.CH.CH.COCl + HsO; 



^q' 



BrXhe kind of action represented in equation (1) is not un- 

■ftommon. We have already met with it in the formation of 

mesitylene from acetone (see p. 2iB), in whicli case two hjdro- 

gens from each of three methyl groups unite with an oxygen 
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atom from each of the three carbonyl groups. The product 
is called a condeiisation-jyroduct, and the action is known as 
condensation. 

2. By heating together benzoic aldehyde and acetic anhy* 
dride : — 

CeH^.COH + (C2H30)20 = CgH^ .C2H2 .COgH + CgHA- 

It is probable that the action between benzoic aldeh3'de and 
acetic anhydride is of the same kind as that between the alde- 
hyde and acetyl chloride. 

3. By treating benzal chloride with sodium acetate : — 

CeHfi.CHJcig! + cKh .COgNa = CeHs.CH.CH.COgNa + 2HCL 
CeHs.CH.CH.COaNa -f HCl = CeHg.CH.CH.COaH -f NaCl. 

The acid is now manufactured on the large scale by the last 
method. 

Cinnamic acid is a solid which crystallizes in monoclinic 
prisms. It melts at 133°, and boils at 300° to 304°. It is 
easily decomposed into styrene and carbon dioxide : — 

CgHj.CH .CH.CO2H = C6H5.CH.CH2 -f- C02. 

Oxidizing agents convert it first into benzoic aldehyde and 
then into benzoic acid. Nascent hydrogen converts it into 
hydro-cinnamic or phenyl-propionic acid, C6H5.CH2.CH2.CO2H 
(p. 293). It unites with hydrochloric, hydrobromic, and hydri- 
odic acids : — 

0^x15.02112.00211 -f- HOI = Ogri5.O2H3Ol.OO2H. 

Phenyl-chlor-propionic 
acid. 

Treated with substituting agents, such as nitric acid, etc., it 
yields substitution-products in which the entering atoms or 
groups are contained in the benzene residue, in the ortho and 
para positions relatively to the acrylic acid residue, C2H2.CO2H. 
Bromine yields the addition-product C6H5.C2H2Br2.CO2H. 
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{C H CO TT 
jJ^ *' * . — The ortho- 

and para-acids are formed by dissolving cinnamic acid in nitric 
acid. 

Note for Student. — What are the products when toluene is 
treated with nitric acid? When benzoic acid is treated in the same 
way? To which case is the above analogous? 

{C H CjO TT 
2^ . 2 — These acids 

are formed by treating the nitro-acids with reducing agents. 

The ortho-acid loses water when set free from its salts, and 

C H 
forms the anhydride carhostyril^ CgH^ <^ ^ ^ C.OH, analogous 

to hydro-carbostyril (p. 294). 

Coumarin, OgHeOaf^OeH*!^'^^^^ is a compound found 

in Tonka beans, and in some other plant-substances. It has 
been made synthetically from salicylic aldehyde and acetic anhy- 
dride, just as cinnamic acid is made from benzoic aldehyde and 
acetic anhydride. The first product of this action is probably 

{P XT' POOH 

which then loses water, yielding the anhydride or coumarin. 
Coumarin has a pleasant odor, like that of vanillin, and is used 
for flavoring. Treated with bases, it yields salts of coumaric 
acid. 



CHAPTER XVITI. 
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Phenyl-acetylene. acetenyl-benzene, CoHj.C.CH, bears 
ta acptjlone tlic same relation that styrent', i>r phenyl -etlnlene, 
bears to etliyleue. It is made from stjrcne iu the same way 
that acetylene is made from ethylene : — 

(1) CjHi + Brj ^CsHiBr^; 

(2) CjHiBrj + 2 KOH = C^U^ + 2 KBr + 2 H/). 
CA-CsH,, + Bra = C^s-CsHaBr,; 
C„Hj.CiH3Br, + 2 KOH = CbUb.CJI + 2 KBr + 2H3O. 

I'h«Byl.ac<.lytene. 

It is a liquid which boils at 139° to 140°. It nnites directly witU 
four atoDis of bromine, forma metallic derivatives, and, i 
eral, conducts itself like acetylene (which see). 



1 

-This 

: to it 

ylene. 



Phenyl-propiolic acid, 0„H,O5{= 0<a.C.C.CO,H). — This 
acid is a carboxyl derivative of phony I-acetylene, bearing to it 
the same relation that eiunamic acid hears to phenyl-ethylene. 
It is made from cinuamic acid, by treating brom-cinnamic s 
CeHs.CjHBr.COjH, with alcoholic potash: — 

CAC^Br.CO,H = CoH5.C,.CO„H + HBr. 

It forms long needles, which melt at 136° to 137°. When 
heat«d with water, it breaks up into carbon dioxide and 

phenyl-acetyleoe. V 

Ortho-nitro-phenyl-propioHc acid, CH, |jJ^q ' , ffM 
made from ortho-nitro-cinnamic acid, in the same way that 
phenjl'propidiic acid is made from cinnamic acid (see pre- 
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ceding paragraph). It is of specia) interest, Coi' the reason 
that it can easily be transfoiined into indigo. The ti'ans- 
formation ie most readOy effected by boiling it with alkalies 
and grape sugar, or some other mild reducing- agent. The 
reaction is represented hy the following equation: — - 



i 



Onho-nilro-phonyl- 



C\uH,uN,Oj + 2 COb + 2 H„0. 

Indigo. 



The aci3 is at present manufactured t 
purpose of maldng indigo. 



the large scale, for 



Indigo aud Allied Compounds. 



In several plants, Indigofera tinctoria, Imtis tinctoria, etc., 
there occurs a glucoside called indican, which, under the influ- 
ence of dilute mineral acids and certain ferments, breaks up, 
yielding indigo-blne and a substance resembling the glucoses. 
The indigo of commerce is prepared in the East and West 
Indies, in South America, E^ypt. and otiier warm countries. 
At the proper stage the plants are cut off down to tlie ground, 
put in a large tank, and covered with water. Fermentation 
takes place, the indican breaking up and yielding indigo, as 
above stated. The liquid becomes green, and then blue. 
When tlie fennentation is finished, the liquid is drawn off 
into a second tank. Tiiis liquid contains the coloring-matter 
in solution. lu contact with the air it is oxidized, forming 
indigo, which, being insoluble, is thrown down. In order to 
facihtate the precipitation of the indigo, the hquid is thoroughly 
stirred. Finally, the liquid is drawn off, the precipitjifed indigo 
pressed and dncd, and then sent into tlie market. 

The substance prepared as above has a dark-blue color, and 
contains other coloring- matters besides iiidigo-bhie. Its value 
depends upon the uuiouiit of the definite compound, iudigo-blue, 
which it contains. 
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Indigo-blue, indigotin, C16H10N2O.2. — Indigo-blue is ob- 
tained from commercial indigo by reducing it to indigo- white, 
and then exposing the clear colorless solution to the air, when 
indigo-blue is precipitated. 

KxperimeAt 79. Into a test-tube put a small quantity of powdered 
indigo; add fine zinc flliugs or zinc dust and caustic soda. When the 
mixture is heated tlie indigo forms a colorless solution. When this 
result has been reached, pour some of the solution into a small evapo- 
rating-dish. Contact with the air colors it blue. 

Indigo-blue can be made artificially by a number of methods, 
among which the two following are the principal Ones : — 

1. By boiling ortho-nitro-phenyl-propiolic acid (which see) 
with an alkali and grape sugar : — 

2 C6H4 } ^''^^^ -t- 4 H = CieHioNA -h 2 H^O + 2 COg. 

(.N02(0) 

2. By heating isatine (which see) with phosphorus trichlo- 
ride, phosphorus and acetyl chloride. 

Without going into the mechanism of these reactions, we see 
that there are two general ways of obtaining indigo artificially. 
The first starts from cinnamic acid, which is successively con- 
verted into ortho-nitro-cinnamic acid and ortho-nitro-phenyl- 
propiolic acid ; the second starts from benzoic acid, which is 
converted into ortho-nitro- and ortho-amido-benzoic acids. The 
latter is then converted successively into the chloride, cyanido, 
and corresponding acid, the anhydride of which is isatine. For 
fuller details of the reactions involved in the formation of ortho- 
nitro-phenyl-propiolic acid, see p. 328 ; and for similar details 
in regard to isatine, see p. 289. As has been stated, indigo is 
now manufactured on the large scale by the first of the two 
methods above given. 

Indigo-blue crystallizes from aniline in dark-blue crystals. 
It sublimes in rhombic crystals. Its vapor has a purple-red 
color. It is insoluble in water, alcohol, and ether ; soluble in 
auiline and chloroform. Oxidizing agents convert it into isa- 
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tine (which see). Heated with solid caustic potash, it yields 
carbon dioxide and aniline ; boiled witli a solution of caustic 
potash and finely-powdered black oxide of manganese, it is 
converted into ortho-amido-benzoic acid (anthranilic acid) (see 
p. 289). 

A great many compounds related to indigo have been made, 
of late years, incidentally to the study of its chemical conduct. 
The synthesis of indigo has been effected, as a result of this 
study. The work undertaken was suggested by the fundamental 
facts, above mentioned, that indigo when decomposed, readily 
3'ields aniline and ortho-amido-benzoic acid. The question 
which investigators have endeavored to answer is. What rela- 
tions do indigo-blue and the compounds allied to it bear to 
ortho-amido-benzoic acid? Although, as far as indigo-blue is 
concerned, this has proved to be a difficult question, to wliich a 
definite answer is still lacking, as far as some of the simpler 
derivatives are concerned it has been answered. Two of these, 
oxindol and isatine, have been considered in connection with 
the simpler compounds, to which they are most closely related. 
A few others will here be mentioned. 

Indigo-white, O16H12N2O2, is foimed by reduction of indigo- 
blue, as above described. Its solutions rapidly turn blue in the 
air, in consequence of the formation of indigo-blue. 

When indigo is oxidized with nitric acid, isatine, CsHgNOa, 

is formed : - ^.^^jj^^^q^ + O, = 2 C,H,NO,. 

When isatine is treated with sodium amalgam, it takes up 
hydrogen, and yields dioxindol^ CgHyNOa: — 

CgHsNO^ + H2 = C8H7NO2. 

Isatine. Dioxindol. 

B3' further reduction, dioxindol loses an atom of oxygen, yield- 
ing oxindol^ CgHyNO : — 

C8H7NO2 + Ho = CHrNO + H,0. 

Dioxindol. Oxindol 



( 
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The relations between oxindol and isatiue cannot readily be 
made clear without a careful study of some very complex re- 
actions. 

It would also lead too far and be unprofitable to discuss here 
the constitution of indigo-blue itself. Suffice it to say, that 
it has been shown to consist of a doubled group very similar 
to that of oxindol. 



CHAPTER XTX. 



YDROCAREONS CONTAINING TWO BENZENE 
RESIDUES IN DIRECT COMBINATION. 



I Jdst OS the marali-gaB reaidne, methj'l, CHa, unites witli methyl 

, BO the benzene reeiduo, phenyl, CbIXj, 
_- C,H, 

iinitea with phenyl to form the hydrocarbon, dipheuyl, I , and 

siuular residucH of toluene, aud the higher members of the series 
unite in a Bimilar way to form homologues of diphenyl. 

Diphenyl, C,...H,„(= CjHs.CoHs). — This hydrocarbon is made 
bj treating brom-benzene witli sodium : — 

2 CJIjBr + 2 Na = C.sHu, + 2 NaBr ; 

End by conducting benzene through a tube heated to rednesa ;— I 

2 CflHa = C^,o + n.j. 

■ It forms lat^e, lustrous plates. It melts at 7D.5°, and boils 

1 254°. It is easily soluble in hot alcohol and ether. 

Diphenyl is an extremely stable substance. It resists the! 

^on of ordinary oxidizing agents, but with strong ones it J 

s benzoic acid. A large number of derivatives of dipheuyl J 

e been studied. A curious one, known as carhazui, occurs -1 

This has been shown to be a substituted ammonia ] 

e of diphenyl. It is properly designated by J 

t name diphe^iyl-imiile, and is represented by the formula i 

>NH. It baa Iweu made synthetically by passing the vapor ' 

'■■■ NH ! '",,% through a red-hot tube, a reaction 
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taking place which is analogous to that mentioned above as 
taking place when benzene is treated in the same way, the 
product in the latter case being diphenyl. 

Naphthalene, CioH^. — While the relations of diphenyl to 

benzene are clearly shown bj' its simple synthesis from brom- 

benzene, the relations of naphthalene to benzene have been 

discovered through a careful study of its chemical conduct. 

The facts can be best interpreted by assuming that the molecule 

of naphthalene is formed by the union of two benzene residues 

in such a way that they have two carbon atoms in common, as 

represented in the formulas 

H H 

HC-CH-C-CH-CH HC-^ ^C^ ^CH 

I I I and I I. I • 

HC-CH-C-CH-CH HCs^ ^C>^ ^CH 

H H 

How this conception was reached will be shown below, after 
the properties and the reactions of naphthalene shall have been 
discussed. 

Naphthalene is a frequent product of the heating of organic 
substances. Thus, it is formed by passing the vapors of alco- 
hol, ether, acetic acid, volatile oils, petroleum, benzene, toluene, 
etc., through red-hot tubes ; and, also, by treating ethylene and 
acetylene in the same way. It is therefore found in coal tar, 
and is sometimes found in gas-pipes used for gas made by 
heating naphtha, gasoline, etc., to high temperatures. It has 
beeif made synthetically by conducting phen^ 1-butylene bromide 
over highly-heated lime ; — 

CcH5.C4H7Bra = C4H4.C2.C4H4 + H2 -I- 2HBr; 

and by conducting isobutyl-benzene over lead oxide : — 

C6H5.C4H9 -|- O3 = C4H4. 02.041x4 -j- 3 H2O. 

Neither of these reactions, however, is of much assistance 





igaid to the niitui' 



I 



NAPHTUAI^ENE. 



in enabliug iia to form n cont-eptiou ii 
tiaplitli.ik'ue. 

Naphthalene is prepared on the lai'ge scale from those por- 
tions of coal tar which boil tietweon 180° to 220°. TJiia material 
ia treated with caustic soda, and then with aiilpburio acid, and 
distilled with water vapor. 

It forms colorless, Instrous, monoclinic plates. It melts at 
79.2°, aiid boils at 21C.G°. It lias a pleasant mlor; is volatile 
with water vapor, and sublimes readily. It isineoliiLle m water; 
easily soluble in boiling alcohol, from which it can be crystal- 
lized. Oxidizing agents convert it into phthalic acid (sgg 
Exp. 74). 

The ease with which nitphthalene yields phthalic acid, sug- 
gests that the hydrocarbon is probably a di-derivative of benzeae 
containing two hydrocarhoo residues ; such, for exampli 
represented by the formula CgH, | "'^. Such a substance, hoi 
ever, contains unsaturated paraffin residues, and hence ought 
readily to take up bromine, hydrobromic acid, etc, Bromiue 
and chlorine are indeed taken up easily, bnt the products thus 
obtained act rather like the addition-producta of benzene than 
the addition- producte of the unsaturated paraffins. They break 
Op readily, and yield stable substitution- products of naphtha- 
lene ; and, further, the first pixxiuct of the action of bromine 
'on naphthalene is not an addition -prod net, but mono-hi-om- 
.OBphthaleue, CujH76r, a fact which shows that substitution takes 
place more easily with naphthalene than addition. We have 
seen that a hydrocarbon containing a benzene residue and an 
unsaturated paraffin residue, as, for example, atyrene or phenyl- 
ethylene, CuHj.CaHj, and phenyl-acetylene, CoHs.CjH, when 
treated with bromine nr hydrobi'omic acid, takes them up as 
readily as ethylene and acetylene, and this action takes place 
before substitution. According to this, naphthalene ought to 
ike up bromiue with avidity before substitution of its hydrogen 
place. 
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2 ' and similar ones being thus rendered 

extremely improbable, the next thought that suggests itself is 

that the two groups C2H2 may be united, as represented in the 

( CH .CH 
formula CgH. J I . Assuming, further, that the two groups 

^CH.CH 

are united to two carbon atoms of the benzene residue which 

are in the ortho relation to each other, we may write this same 

formula thus : — 

H 

HC^ ^C-CH-CH 

I I I 

HCv /C-CH-CH 

H 

or, what is the same thing, — 

H H 

HC^ "^C-^ "^CH 



I I 

^c c 

H H 

This formula represents naphthalene as made up of two 
benzene residues united in such a way that they have two 
carbon atoms in common. This, as has been stated, repre- 
sents the hypothesis at present held in regard to the nature of 
naphthalene. 

As regards the assumption tliat the two residues are united 
through carbon atoms which are in the ortho position relatively 
to each other, it should be said that this assumption is made 
because phthalic acid is the product of oxidation ; and the facts 
already considered have shown us that terephthalic acid must 
he represented by tlie formula 
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COaH 

I I 

HCv /CH 

CO,H 



and isophthalic acid by 

CO2H 

I I 

HCv yCCOgH 

H 

and hence, in terms of the accepted hypothesis, the third pos- 
sible formula must be given to phthalic acid ; viz., — 

H 



HCv /C.CO2H 
H 

Are there any facts besides those above mentioned which 
make the hypothesis appear probable? 

By a dififerent line of reasoning, based upon other facts, the 
conclusion is reached that naphthalene is made up of two ben- 
zene residues which have two carbon atoms in common, and the 
only formula which represents this conception is the one already 
given. The facts which lead to this conclusion are the fol- 
lowing : — 

When nitro-naphthalene is oxidized it yields nitro-phthalic 
acid. This shows that the nitro group is contained in a 
benzene residue ; and we may represent it by the fovtavkla. i 
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iC H 
2 % the oxidation taking place as indicated thus : — 

CeHs.NO^J^^^^ -f 90 = CeHg.NO^j^^^ +H2O+ 2CO,. 

By reducing this same nitro-naphthalene, amido-niaphthalene 
is obtained ; and, when this is oxidized, phthalic acid is 
formed : — 

CeH^ { ^^ ' ^^2 + 120 = CeH, { ^^^ + 2CO,+HN03+H,0. 

These two reactions show (1) that the part of nitro-naphtha- 
lene in which the nitro group is situated is a benzene residue ; 
(2) that there is another benzene residue in the compound into 
which the nitro group has not entered. 

It has been noticed, also, that by oxidation of a naphthalene- 
sulphonic acid, both sulpho-phthalic and phthalic acid itself are 
obtained. 

It follows, from these facts, that naphthalene is made up of 
two benzene residues, and the only way in which a hydrocarbon 
of the formula CjoHs can be thus made up, is by having two 
carbon atoms conmaon to the two residues, as represented in 
the formula alread}^ given. It cannot be made up thus : — 

H 
C 



HC^ ^CU ^CU 



H H 

H 

nor thus : — I I | 

HC^ .CH ^CH 

^C-^- c-^ 

H 

for aeitber of these formulas expresses the fundamental idea of 
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the presence of two benzene residues in the same molecule. 
The only formula which expresses this idea in terms of the 
commonly accepted hypothesis for benzene is 

H H 

HC^ ^C^ "^CH 

I I I 

HO V / C V • CM 

c c 

H H 

The proof just given for this formula is independent of any 
notions regarding the ortho, meta, and para relations in 
benzene. As phthalic acid is the product of oxidation, it 
follows that the carboxyl groups in the acid must bear to each 
other the relation expressed by the formula 

H 

/^\ 



HCv yC-COgH 

H 

and, therefore, that in all ortho compounds the substituting 
groups bear this same relation to each other. Hence, by start- 
ing with the notion that the above formula represents phthalic 
acid, — and to this notion, it must be remembered, we are led 
independently of any facts connected with the formation of the 
acid from naphthalene, — the accepted formula of naphthalene 
follows naturally. And, on the other hand, we are led, by a 
study of naphthalene itself, to the accepted formula, and from 
this the above formula for phthalic acid follows. 

# 

Derivatives of Naphthalene. 

An interesting fact which has been discovered by a study of 
the mono-substitution products of naphthalene is this, — that 
two, and only two, varieties are known. Tlaet^ \^ ^\:k. ^- ^msA 
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a j3-chlor-napbtha,lene, an a- and a ^-brom-napbthalene, etc., 
etc. This fact is quite in harmony with the views held 
regarding the constitution of naphthalene, as will readily be 
seen by examining the formula somewhat more in detail. 
We see that there are two, and only two, kinds of relations 
which the hydrogen atoms bear to the molecule ; all those 
marked with an a being of one kind, and all those marked 
with a P being of another kind : — 

aH aH 

, \ I I 

)8HCv yC. /CH/5 

c c 

aH aH 

Here, again, a problem presents itself like that which was 
considered in connection with the di-substitution products of 
benzene. Our theory gave us three formulas, and three com- 
pounds are known. The problem was, to determine which 
formula to assign to each compound. Here we have two 
formulas for two brom-naphthalenes and other mono-substi- 
tution products of naphthalene, and we actually have two 
compounds ; and the question arises, which of the two 
formulas must we assign to a given compound? The 
method adopted is simple, and can be explained in a few 
words. That nitro derivative of naphthalene which is known 
as a-nitro-naphthalene yields nitro-phthalic acid by oxida- 
tion; and the relation of the nitro group to the carboxyl 
groups, in this acid, has been determined. It is expressed 

by the formula _ 

^ NO2 

HC^ ^C-COgH 



I 
HC. /C-CO2H 

H 

Formula !• 




Ab a-nitro-naptithalene yields the acid of fonnala I., it foI'H 
lows tliat in it ibv. aitro group must ocoupy the jxisitiou of < 
of the hydrogen ntoms marked « iu the above formula for naph- 
thalene. Those substitution-products of uaphthaleuo which 
belong to the same series as a-nitro-naphthaleDii are called a 
derivatices. In the /3 compouuda the substituting group or 
atom must occupy tlio place of one of the hydrogen atoms ■ 
marked /3. 

Among the derivatives of naphthalene ai'e the fi 



rf Naphthoio acid, CiaH, .GOiH, which bears to naphthalene | 
the Banie relation that benzoic acid bears to benzene. 

a-NaphthoI, CioH, .OE. ^This compound is made from naph- J 
, Ihalene in tbe yaiue way tluit phenol is made from benzene : — 
1. By treating a-naphthyl-amine, Ci^t-NHj, with uitroual 



OK SriTDBNT. — Writu the equations, 
2. By melting a-naphthalene-sul phonic acid with cauatio I 
totasb. 
NoTK FOB Student, — Write the equation. 

»-Naphthol is a solid which melts at 96°. It has an odor I 

lewbat resembling that of phenol. Its general chemical I 

mdnct is much like that of phenol. Toward oxidizing I 

Eenta, however, its action is peculiar. Thus, wUfto. \>Qytfi 



I 
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I 
I 



with potassium clilorate and hydrochloric acid, a di-chloi 
substitutiou-pi-oduct is formed ; and at the same time 
second oxygen atom enters, and llie product has the char- 
acteristics of the quinoncs (which see). It is di-chlor- 
naphtho-quinoue. It will be remembered tliat ordinary 
quinone is formed by the oxidation of hydro-quioone, i 
hydroxyl derivative. 

Some of the eabutitution-products of naphtbol are used i 
dyes; as, for example, dinilro-naphlhol, CinHs(NO,)jOff" 
which is known aa Martiits's Yellow; dim'tro-naphtJiol- 
tndphonic add, CK,H4(N0,)i(S0sH).0H, the potassium salt 
of which, KaC,„HjN,S03, is known as Naphthol Yellow S.^ 
With diazo compounds, napbthol has a remarkable power C 
combination ; and a great many derivatives containing vsfA^ 
dues of diazo compounds, and of uaphthol or its substjtution- 
prodncts, have been made, and some of them have found 
application as dyes. The simplest compound of this kind is 
formed by bringing together uaphthol and diazo-benzeue 
nitrate ; — 
C^j.OH + CJIt-N,-NOa = C,JlJ ^'~^'^' + HNOj 

It is called naplithol-diazo-bemene. The dye known as TtotV- 
rier's Orange IJ. is a sulphonic acid of naphthol-diazo-benzene, 

and is probably formed by treating diazo -ben zone- suiphonic acid i 
with uaphthol. 



Naphtho -quinone, OiiSoOj. — This compound is obtained 
by oxidizing naphthalene with chromic acid; also by oxidiz- 
ing a-amido-a-naphtho! and other di-subetitution products of 
naphthalene in which the two substituting groups are in the 
para position relatively to each other. It beai's to naphthalene 
the same relation that ordinary quinone bears to benzene ; that 
is, it is naphthalene in which two hydrogen atoms are replaced 
by two oxygen atoms. 

It fonns yellow needles, which melt at lib". Like ordinary 1 



i 

ol- 

alt 

I 

I 
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le, it is volatile with water vapor. Ilydriodie acid «on- 
t into hydro-naphtho-guinoTie : ^ 

Ci„H,0, + Hg = C,„H-,(OH)j. 

Compare with the action of reducing agents 



NoTB FOR Student. 
Km ordlniLr; qiilnoue. 



bj the nitmo naphthasarin, on account of its reBem-' 

inee to alizarin (wiiicli see). 

Two homolf^ues of nitplithnlene — methyl- and ethyl-naph- 
IttialenG — have been prepared. /3-Methjl-uaphthalene baa been 
f. found in coal tar, 

QrlNOLINF, AND AnALOGODB C0MPODND8. 

It has been stated, that, by distilling qniniiie and einchoniiis 
with caustic potash, pyridine and some of its homologues aro 
At the same time a base belonging to another series 

formed, together with some of its homologues. Tliis base is 
!kiiown as quinoline, to suggest its formation from quinine. It 
has the composition expressed by the formula CgHyN. It occurs 
in coal-tar, where an isomeric compound, called isoquiaoUne, ia 
also found. Among compouads homologous with quiuohne are 
the following : — 

QuiDaldinc, a-Mcthyl-quinoline . , . C,oHjN. 
Lepidine, y-Methyl-quiuoline .... CioHgN. 
Cryptidine CuHuN. 



^L^btaiaed 
^^p9 formei 
^^ "known a 




. QumoIlDe, CyHyN. — Qumoline is formed by the distillation 
f quinine, cincLoninc, or strychnine, with caustic potash. It 
It formed from certain derivatives of beaaene. 
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1. By passing allyl-aniline over heated lead-oxide : — 

CeH^.NH.CgH^ = C^H^N + 4H. 

2. By heating together glycerin, aniline, and nitro-benzene : — 

(1) C6H5.NO2 + CaHgOa = C^N + 3 H^O + 0^; 

(2) CeH^NHg + CgHgOa = C^H^N + 3 H^O + H^; 

(3) 2 CeH5NH2 + CgH^NOa + 3 CaHgOa = 3 C^H^N + 11 HJO. 

3. From di-chlor-quinoline : — 

C9H5CI2N + 4 H = C9H7N + 2 HCl. 

The last method is the most suggestive, as it leads to a defi- 
nite view in regard to the relation between quinoline and ben- 
zene. Di-chlor-quinoline is made by treating hydro-carbostyril 
with phosphorus pentachloride. Hydro-carbostyril is the anhy- 
dride of ortho-amido-hvdro-cinnamic acid. This relation is 
partly expressed by the formula: — 

H H2 

HC^ "^C^ ^CHg 



I I • 

HC C CO 

H H 

The transformation of hydro-carbostyril into di-chlor-quino- 
line takes place easily ; and the reaction can be best interpreted 
by assuming quinoline to be made up thus : — 

H H 

HC-^ ^C^ ^CH 

I I I 

HC V / C \ • CH 

H 

Quinoline is thus regarded as foriged from the nniQix p( a 




emiTOLlMS. • 



m 



idae of benzene and a reeidue of pyridine, in the same way I 
it naphthalene is believed to be formed from two residues of I 
lienzene. The formula suggests the existence of two isomeric J 
quinolines, in one of which the nitrogen is in the a position, as I 
represented m the above formula, while in the other it is id J 
the {8 position. Ordinary quinoline belongs to the a series; 
while iaoquinoHne belongs to the ;S series. 

Quinoline is a liquid which boils at 237°. Potassium perman-. 
;anate converts it partially into ciuchomeronic acid, CjHgK04. 
'his is a pyridine-dkarbonic acid, C'sIIaNCCOjH)^. The for- 
mation of this acid is analogous to that of phthalio acid from 
naphthalene. 

Quinoline readily tabes up hydrogen, forming hTfdro-qmnoline,^ 
C11H9N, and tetra-hydro-quinoline, CuHuN. These, as well as J 
the hydrogen ail ditiou- products of pyridine, are believed to exist 1 
in the alkaloids. Tetra-hydro-quinoline has been found in 
crude qaiuohne obtained by distilling ciucbouine with cauatio I 



I Many derivatives of quinoline have been made. Substitution- 1 

iducte are obtained by treating nitro-products of substituted' t 

izene with glyceria and aniline. 
I A sulphonic acid is obtained by treatment of quinoline with I 
llphuric acid. From this, hydroxy-quinaline, CaHo(OH)N, has J 

n obtained. Hydroxy-quinoline, like quinoline itself, takes up J 
fdrogen, formiug telra-hydro-hydroxy-quinoline, CoHid.OH.N.. 

lally, by treating this compound with methyl iodide, methyl. i 
^ introdnced, and a product obtained which is called hydro- ] 
qitiiioUne:- — 

Cli,H„ON + CII3I = C,oH„NO + HI. 

9 Bubstance resembles quinine, and its hydrochloric acid i 
t IB used iu medicine to some extent as a subatitate fOT J 
The salt ia known as h-airine. 



CHAPTER XX. 

HYDHOCARBONS CONTAINING TWO BBNZEN 
RESIDUES INDIRECTLY COMBINED. 

DipHENTi. and naphth.ileue have been shown to coDBist of t 
benzene reeidiiee in direct combination. Diphenyl-methane ia 
an example of a hydrocarbon consisting of two benzene resi- 
dnea in indirect combination, CaHs.CHu.CjHa. As diphenyl- 

I methane is closely related to toluene, it was treated of in 
connection with tiie hydrocarbons of the benzene series. 
Thero are some hydrocnvlions which have benn shown to 
consist of two benzene residues nnited by means of resi-^ 

I dues of unsaturated paraJSns. The most important of thea6 J 

[ is the well-known anthracene. 

Anthracene, C„H]u. — Anthracene is formed under coadt] 
I tions similar to those which give rise to tlie formation i 
* naphthalene, especially by heating organic substances to a-J 
I high temperature, and is hence found in coal tar. 

It has been made synthetically from benzene derivativf 
I by a number of methods : — 

By passing beuzyl-toluene, C„Hs . CH^ . CjH, . CHj, 
i heated lead oxide: — 

CiiH,, + 20 = C^H,„ + 2 H2O. 
By heating benzyl-phenol with phosphorus pcntoxide :^B 
\ 2 CeH(.CH2.C(H4(OH) = C„H„ + CbH^ + Cen,(OH) + BJ[^ 
By heating ortho-brom-benzyl bromide with sodium : 
f CHjBr 




ANTHRACENE, 



Ut' 



\ CbH, + 4 NaBr + 2 H. 






J CHjBr 
I Br 

Anthracene is prepared in large quantity from those portionffJ 
of coal tar which boil between 340° and 360°. The diatillat<i 
ia redistilled, and that which remains in the retort after t 
temperature has reached 350° is crystallized from xylene. 
ia then crystallized from alcohol, and Anally sublimed. It 

!ult to get it in perfectly pure condition. The color caal 
[be removed by dissolving the substance in benzene, and expos-J 
it to direct sanlight. It forms laminse, or monoclinie platega^ 
t-irhich are fluorescent. It melts at 213°, and boils above 360°. 

Anthracene takes up hydrogen, forming di-liydro-anthracene, I 
C14HK, and hexa-kydro-atitkracene, CuHm, It takes up bromineJ 
and chlorine, forming first addition-products, and then subeti-'fl 
tution-prodnuts. 

Oxidizing agents convert anthracene into aiahra-quinoneA 
CjtHgOa, just &a they convert naphthalene into naphtha-* 
quinone. 

The formation of anthracene from ortho-brom-benzyl-b 
ude (see above) furnishes strong proof in favor of the vi 

it anthracene consists of two groups, CoH^, united by the^ 
group CjHa; thus, CoHj . CjHi . CaHj. It hence appears 1 
diphenylene' derivative of ethane, CjHj(CgH4)s, analogous 1 
diphenyl-ethane, CaII,(CoHE)i!. This conception may also 1 
Bzpreased t 



H 



nc' 



^C-CH-C^ 



^CH 



( the formula commonly accepted for anthracene. 
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I in h&rmony with a large number of facts, and liae been i 
t fifHcient aid in investigations on anthracene and its derivatives 

Anthraquinone, C„HbO/= CaH^ < qq > CsH,]. — j 

quiiione ia foiined by direct oxidation of anthracene : — 

CiJIio + O, = C'i,HbO!, + H/J. 

The Biinplcst aynttieaie of antlirnqiiinone Ihut lias been ef- 

Lfected coneiete in distilling calcium phthalate. It ia believed 

P)ftat the reaction which takes place is anologoua to that which 

r takea place when the calcium aalt of a monobasic acid ia distilled. 

j Ab is welt known, in the latter caae a ketone containing 

I oarbonyl group is formed ; and it ia believed that the prodi 

*■ formed ia the distillation of calcium phthalate containa 

carbonyl gronps, and that it is a representative of a cldss 

bodies which may be called dikelones. The suhject of diketones 

was briefly diaeusaed under the head of Quinones (which see). 

B equation representing the foiujatiijii of anthraquiuoiie from, 

I calcium phthalate 

I rcoo" 



3 



i cofo . 
\ I coo ' 



Ca' 



C^n, <2^> CflHi + 2 CaCOj. 



Elxperlment 80. Dissolve Bs commerelnl anthracene In 220™ li 
I glatUt acetic acltl, Slowl; a<3d to tiie boiling aolutloti GO^ chroiDio m 
I In SO''^ acetic acid (60 p. c). Boll for some hours. After cooling, a 
} 750" water; filter; waalij dry; and sublime. 

Anthraquinone forms rliombic ciyativls. It Boblimea !n y 
needles ; ia insoluble in water, but slightly soluble in ol 
and ether. It is an extremely stable compound, resisting t 
action of alcoholic potash and oxidizing agente. Melted i 
solid potasaium hydroxide, it yields benzoic acid : — 



C„HA 



2 KOH = 2 CjHjO^ ; 

[i.COOK,,, 



AlXZARtS. 

^Reducing ngents convert'it Bucceaaivelj into ommiJmtnol, i 
fwHioOj, aiithranol, ChHioO, and anihracene, CuH^ ThesoJ 
liianges may be represented thus : 



:'>c^. + n, 



= CaH,< 



CO 



"X'JI^; 



CH 

Antbmiiol 

CII 
>Con, + Ha = CJI,< 1 >CaH, + HjO. 
CH 

. When heated witli zinc dust, it yields anthracene. A great 
my derivati*'ea of anthraqiiinone have been made. Among , 
3 best known are the liydroxyl derivatives, some of wlncb.J 
i much-pnzed dyes wliich are manufactured in great quaa. F 



J }0„H,O.[=0„H„O,(OH),]. 



The hydroxyl derivatives of antliraquinoue can be made by J 
melting either the bromine derivatives or the sulphonic acida-l 
with caustic potash. 

Alizarin, 

Di-hydroxy-anthraquinone, I 

EjUizarlu is tlie well-known dye which is obtained from maddecfl 

^m)t> The snbstance found in the root is mberylhric ucitU s-l 

riucoside of the fovmnla CaiHjjOu. When this ia treated with \ 

Klute acids or alkalies or ferments, it Is decomposed, yielding^ 

^zarin and a glucose : — 

Caill^O,, = C14HA + CoHiiO, + HjO. 

5tt is formed by melting diehlor- or dibrom-aathraquinone 01 

raqninone-monosul phonic acid with caustic potash j — 

C„HtOa.S03K + KOH + O ^ CnUA(OH)j + KjSO,. 

8 now manufactured from anthracene on the Vm^kw 
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IDUEB. ^H 
[ for culti<^H 



I 



and lai-ge tracts of land which ♦'ere formerly used 
vating madder are now nsed for other purposes. 

Bxperlment 8t. Dissolve 2(K antliraqalnone In a small quan- 
tity of faming sulphuric acid, heatlag gradually to 2G0°. Dissolvu 
the product in a litre of water. Neutraliie with finely-powdered 
chalk; lllter. Precipitate with a solution of sodium carbonate; 
filter; and finally evaporate to drjnesa. The salt thus obtained is 
Impure sodium anthraqulnone-mono-snlpbonate. In- an iron crucible 
lOB of the sulphonate, 40a sodium hydroxide, and W potassium 
chlorate, and heat for several hours at 165° to 176°, The formation 
of alizarin, during the melting, is shown by the dark-purple color of 
the mass. When a little of this Is dissolved in water, It shoald form 
a beautiful purple-red solution. Contlnne the melting until the mass 
acts In this way. Dissolve the mass in J' to 1' water, and acidify. 
Alizarin Is thrown down in brown amorphous Hakes. Filter olT, dr:^, 
and sublime between watch-glasses. 

Alizarin forms red needles, which melt at 276° to 277°. It 
dissolves in alltalies, forming dark pnrple-red solutions. When 
heated with zinc dust, it yields antiiracene. It was this reaction 
which gave the flrst clae to the nature of alizarin, and led, soon 
after, to it« synthesis. 

Some compounds, isomeric with alizarin, and also derived 
trom antiiracene, are known. 



C,.H,Os = [C,4HsO,(OH),l. 



Piirpurin, 

Tri-hydroxy-anthraquinone, 
Purpurin is contained in madder root, and is therefore fonnd 
in madder aUzarin. It can be made by melting alizarin-sul- 
pbonic acid with caustic potasli, and also by melting tri-brom- 
anthraquinone with causlao jmtash. 

Anthrapurpurin, isopurpurin, C,,H;,0,(OH)j, is found £ 
artificial alizarin. 

^enanthrene, Ci,H,g, which is isomeric with anthracene, I 
' also found in the higher boiling parte of coal tor. ' The chem 



I 
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conduct of this hydrocarbon has led to the conclusion that it 
consists of two benzene residues directly united, as in diphenyl, 
CeHg— CgHg ; and that a further connection between the benzene 
residues is established through a group — CH = CH — , thus 
giving as the expression of the structure the formula 

CeH4 — C6H4 

I I • 

CH = CH 



CttAPTiER XXl. 

GLUCOSIDES, ALKALOIDS, ETO.-OONOLUSION. 

Under the head of the sugars, reference was made (see p. 
178) to a class of bodies called glucosides, which occur in 
nature in the vegetable kingdom. These bodies break up 
under the influence of dilute acids or ferments into sugar and 
other bodies. Thus, salicin breaks up, according to the equa- 

*^^" CeH4(OH)CH2(OC6Hn05)+ H^O 

= CeHigOe + CflH4(OH)CH20H 

Dextrose. Salicylic alcohol. 

into dextrose and salicylic alcohol, the alcohol corresponding 
to salicylic acid. Some of the more important glucosides are 
mentioned below. 

Aesculin, C15H16O9 + IJ H2O, occurs in the bark of the 
horse-chestnut tree (Aesculus ffippocastanum) . It breaks up 
into dextrose and aesculetin : — 

C15H16O9 -f- H2O = CflHi206 -f- C9H6O4. 

Aesculin. Dextrose. Aesculetin. 

Its water solution shows blue fluorescence. 

Amygdalin, O20H27NO11 + 3 H2O, occurs particularly in bit- 
ter almonds ; also, in the kernels of apples, pears, peaches, 
plums, cherries, etc. With emulsin, which is an aqueous 
extract of almonds, amygdalin is broken up in benzoic alde- 
hyde, h3^drocyanic acid, and dextrose : — 

CaoH^^NOu + 2 H2O = QHeO + CNH + 2 CeH^Oe. 

Tannins. — Under this head are included a large number of 
substances, some of which are glucosides. They all give either 




% bine or s green color with ferric salts. They have a bitter, 

■e precipitated by solutiona of gelatin ; pram 
f Cipitate aolutions of metaJs, and absorb oxygen in alkalin© 
f flolution. They also unite with animal membranes, forming 
compounds which resist the putrefactive forces, thus icwiMinj 
them, or converting them into leather. Reference has already 
been made to gallo-tannic acid, which breaks up into gallic acid- 
and glucose. 

I Helioin, C,^E,60,+ |HiO, is formed by the oxidation of 

I'iialicin (which see). It has also been made artificially by i 

I Sng an alcoholic solution of acetochlorhydrose witli the potassium 

B.eompound of salicylic aldehyde : — 

I CflH^lOaCCjHsO)! + C,UJO.jK + 4 CjHbO 

I = CwH^O, + KCl + 4CjHs.C,HaOi. 

I Acetochlorhyilrosc is formed by heating dextrose with an 

■iMxceBS of acetyl chloride. 

■ Helicin breaks up into dextrose and salicylic aldehyde. 

■ Indloan, C»H.iiNOi,, occurs in woad. It yields, among 
I other products, dextrose and indigo blue ; — 
I CaHsiNOij + 2 H^O = 3 CaH^O« + CgHsNO. 

B lodJ^ blue. 

■ Myronio aoid, CioHivN'SiOia, is found in the form of the 
Kpotassium salt in black mustard seed. When treated with 
^fcyroBin. which is contained in the aqueous extract of white 
KpliiHtard seed, potassium myronate is converted into dextrose, 
pilllyl mustard oil, and acid potassium sulphate : — 

I C»H)bNS,Om,K = CoH^Ofl + CaHj.NCS + KIISO,. 

^L Balicin, G|,Hi»0„ occurs in willow bark, and in the bark and 
^^aves of poplars. Its decomposition into salicylic alcohol and 
^bxtrose has been referred to (see preceding page). 




Saponin, Ci,HuO,», is found in soap rout (Saponaria offl 
' nalta). Its water solution forms a lather lilce tliat formed 1 
80flp. It is said that this is utilized for the pur[>oee of givi 
to " soda water" the appearance of efCervesceQce. 

Alkaloids. 

The alkaloids are com^munds occurring in plants, frequent^ 

I constituting those parts of tlie plants which are most activBj] 

[ when taken into the auimal body. They are hence somctitnes 

called the active principles of the plants. Many of these sub- 

' stances are used in medicine. As regards their chemical char- 

I acter, tliey are bafiic in the sense ttiat ammonia is basic ; 

( contain nitrogen, and form salts, just as ammonia does, i.e 

' direct addition to the acids. These and other facts lead to ti 

belief that the alkaloids are related to ammonia^that they e 

A ammonias. Becently it has been shown that scverall 
I of the alkaloids are related to pyridine (see p. 307) and quino-9 
I line (see p. 343). Only a few of the more imi>ortunt alkaloidftl 
I need be mentioned here. 

Alkaloids of Fentvimi Baric. 

Quinine, OioH„N,0^ + 3 H.,0. — This valuable substance it 
' obtained from the outer bark of the Cinchona varieties. When^ 
oxidized, it yields derivatives of pyridine. In view of the 
interest connected with quinine, the discovery of its relation to 
pyridine and qtiinoline has led to a large number of investiga- 
tions on the derivatives of these two bases, and it is probable 
that before long it will be possible to make quinine synthetically 
in the laboratory. 

The salts of quinine are formed by direct addition of the base 
to the acids. Thus, we have 



Qwinine hydrockloHde 
Quinine nitrate . . . 
Quinine sulphate . . 



Ca,H^,NA-HCl; 
CjoH^NA-HNO,; 
C|»H„NA ■ HjSOj, etc., etc ] 




,9H^,N,0, oinohonidine, d^HaNjO. and 
ler baaea occur with quiuine iu Peruvian fcarii. 

Cocaine, Ci,HjiNO., is found in cocoa leaves (Erythroxylon 
Bi«oca) . Very little is knowu regarding its chemical nature. Its^ 
hydrochloric acid salt, C'lrHjiNOi- HCl, has recently come into 
prominence iu inedicine, owing to the fact that it is a powerful 
anfesthetic. 

t Nicotine, OjoHuN;, occurn in tiiliacco leaves in combination 
fh malic ncid. PutiiasiiiTn pun nan gan ate converts it into 
Mjtinic acid, wliicii is one of the possible pyridiue-mouocar- 
nic itcids. 
Alkaloids of Opium. 
Opium is the evaporated sap which flows from incisions in 
tjui capaules of tlie white popjjy (Papamr somnifenim), before 
they are ripe. The two principal alkaloids contained in opinio 
are morphine and narcotine. 

^H Morphine, C|,H|oNOj + H5O, is a erystallizable solid which 
^^b difficultly soluble iu water, alcohol, and ether. Wbeu de- 
^^Boiposed, it yields pyridine, tri methyl-am iue, and pheuantbrene, 
^^K^ther with other products. 

^^P^arootine, Cj^H^NO,, has been shown to contain three 
^^Bethyl groups, which arc split off, as methyl chlonde, when 
^^■e substance is heated with hydrochloric acid. 

^■Piperine, CHhJJOj, is contained in black pepper. When 
^^Heated with alcoholic potash, it breaks up into piperidine and 
^^pperJc acid : — 
^T C„H„NO^ + H^O = C,,HuN + C,,H,A. 

^^L FliHiililme. Fle^iiciKld. 



356 CONCLUSION. 

Piperidine, C5H11N, which, as just stated, is formed by the 
decomposition of piperine, has been made synJietically by treat- 
ing pyridine with nascent hydrogen : — 

CaH,N -h 6 H = CflHuN. 

pyridine. Piperidine. 

It may therefore be called hexa-hydropyridine (see p. 309) . 

Strychnine, O21H22N2O2, andbrucine, C23H28N2O4 + 4 H2O, 
are two alkaloids which occur in nux vomica. 



In the animal body occur a large number of complicated sub- 
stances, the study of which, at this stage, would hardly be 
profitable. Thus, there are the albumins, caseins, and fibrin ; 
the coloring-matters of the blood, oxy haemoglobin, haemoglobin, 
etc. It may be said that, notwithstanding the importance of 
these substances, our knowledge of their chemistry is quite 
limited. 

The study of the composition of animal substances, such 
as milk, urine, etc., and of the relations of the chemical sub- 
stances occurring in the body to the processes of life, is the 
object of physiological chemistry. Without a good knowledge 
of the general chemistry of the compounds of carbon, however, 
the subjects treated under the head of Physiological Chemistry 
cannot be understood. 
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Sallcylid, 302. 
SaponificaUon, 69. 
Saponin, 354. 
Sarcoalne, 193. 
Sebttcic acid, 142. 
Secondary alcoholB, 12L V 
Soaps, 135. 
Sodium etbjl, 101. 
Sorblc acid, 226. 
Starch, 187. 
Stearic acid, 13*. 
Stearin, 151. 
Strychnine, 356. 
Stypbnrio acid, 276. 
Styiene, 323, 
Styryl alcohol, 324. 
Suberic add, 142. 
Stibatltutlon, 2B. 
Sncclnic acid, 142, 114, ^ 

anhydride, 146. | 
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Sulphocyanic add, 84. 
Sulpho-cyanates, 91. 
Sulphonic acids, 76. 
Sulpho urea, 204. 
Sulphur ethers, 75. 

T. 

Tannic acid, 304. 
Tannin, 304, 352. 
Tartaric acid, 171. 
Tartronic acid, 167. 
Taurine, 194. 
Taurocholic acid, 194. 
Terebenthene, 310 . 
Terephthalic acid, 296. 
Terpenes, 309. 
Tertiary alcohols, 124. 
Tertiary butyl alcohol, 

124. 
Tetrarchlor-methane, 28. 
Tetra - methyl - methane, 

116. 
Theme, 206. 
Theobromine, 206. 



Thymol, 274. 
Tolu balsam, 240. 
Toluene, 240. 

Amido, 261. 

Nitro, 259. 
Toluic acids, 292. 
Toluidihes, 261. 
Tolyl carbinol, 281. 
Tri-acetamide, 197. 
Tri-brom-phenol, 272. 
Tri-carballylic acid, 152. 
Tri-chlor-acetic acid, 63. 
Trichlorhydrin, 149. 
Trimesitic acid, 246. 
Tri-methyl-amine, 96. 
Tri-methyl-carbinol, 127. 
Tri-methyl-phosphine, 

103. 
Tri-methyl-xanthine, 206. 
Tri-nitro-methane, 104. 
Tri-nitro-phenol, 272. 
Tri-nitro-resorcin, 276. 
Tri-phenyl-methane, 314. 
Turpentine, 310. 



U. 

Unsaturated compounds, 

208. 
Urea, 200. 
Uric acid, 205. 
Uvitic acid, 246. 

V. 

Valeric acids, 133. 
Valylene, 227. 
Vanillic acid, 304. 
Vanillin, 304. 

W. 

Wood spirits, 34. 

X. 

Xanthine, 205. 
Xanthogenic acid, 157. 
Xylenes, 241. 
Xylidines, 262. 

Z. 

Zinc ethyl, 104. 
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